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INTRODUCTION 

The  agricultural  experiment  stations 
made  substantial  progress  during  the 
year,  as  shown  especially  by  increased 
income,  improved  personnel  and  facili¬ 
ties  for  research,  and  expanded  and 
more  productive  lines  of  work.  The 
stations,  while  still  giving  primary  at¬ 
tention  to  local  needs  and  problems, 
continued  to  develop  a  national  view¬ 
point  and  broader  policies.  Progress 
was  for  the  most  part  along  familiar 
and  well-established  lines,  having  to 
do  especially  with  production,  but  there 
was  also  notable  progress  in  research 
in  the  less  developed  fields  of  agri¬ 
cultural  economics  and  home  econom¬ 
ics,  which  deal  particularly  with  mar- 
1  With  the  collaboration  of  other  members 
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keting  and  utilization  of  farm  prod¬ 
ucts  and  rural  living. 

FINANCIAL  SUPPORT 

The  total  revenues  of  the  experiment 
stations  in  1929  exceeded  those  of  the 
preceding  year.  This  was  due  mainly 
to  the  increases  in  the  Purnell  fund, 
the  sales  receipts,  and  the  State  ap¬ 
propriations,  but  the  income  from 
every  source  except  the  appropriations 
under  the  Hatch  and  Adams  Acts  was 
greater  than  the  year  before.  State 
support  of  the  stations  was  more  than 
maintained  as  compared  with  the  past 
year,  and  the  receipts  from  sales  were 
notably  larger. 

The  income  of  the  stations  from  dif¬ 
ferent  sources  in  1928  and  1929  is 
shown  in  Table  1. 
of  the  office  staff. 
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Table  1, — Comparison  of  the  revenues  of  the  agricultural  experiment  stations^ 
for  the  fiscal  years  ended  June  30,  1928  and  1929 


Sources  of  income 

1928 

1929 

Hatch  Act _  _ 

$720, 000. 00 
720,  000. 00 
1,  920, 000.  00 
237,  640.  00 
8,  064,  679.  51 
569, 348.  92 
1, 810,  764.  78 
414,  961. 83 
593, 018. 02 

15, 040,  413.  06 

$720, 000.  00’ 
720,  000.  00' 
2,  400,  000. 00 
246,400.00' 

8, 120, 801.  oa 

613,  654. 88 
1,  996,  470.  40 
417,  917.  78 
1, 172,  908. 07 

16,  408,  052.  21 
1,  367,  639. 15. 

Adams  Act _ 

Purnell  Act-  -  _ _ 

Appropriations  for  insular  stations _ 

State  appropriations  and  allotments _ 

Fees  _ _ 

Sales  receipts  -  .  .  _  - _ _ 

Miscellaneous  income _ 

Balance  from  previous  year _ 

Total _ 

Increase  1929  over  1928 _ 

The  funds  available  to  the  stations 
in  1929,  amounting  to  $16,408,052,  in¬ 
cluded  $4,086,400  from  Federal  appro¬ 
priations  and  $12,321,652  from  sources 
within  the  States.  The  Federal  appro¬ 
priations  reached  $80,000  for  each 
State — $15,000  each  under  the  Hatch 
and  Adams  Acts  and  $50,000  under  the 
Furnell  Act.  The  increase  of  $10,000 
for  each  State  under  the  Purnell  Act 
made  a  total  increase  of  $480,000  under 
the  Federal  acts.  The  financial  sup¬ 
port  of  the  experiment  stations  in 
Alaska,  Hawaii,  Porto  Rico,  Guam, 
and  the  Virgin  Islands,  provided  for 
in  the  appropriation  acts  of  the  De¬ 
partment  of  Agriculture,  amounted  to 
$246,400 — $8,760  more  than  in  1928. 

Over  three-fourths  of  the  funds 
available  to  the  stations  in  1929  were 
derived  from  other  than  Federal 
sources.  The  income  of  $12,321,652 
from  State  sources — State  appropri¬ 
ations,  sales  receipts,  and  miscellane¬ 
ous  revenues,  including  balances  from 
the  previous  year — represented  an  in¬ 
crease  of  $878,879  over  the  amount 
derived  from  these  sources  the  year 
before.  The  relative  rank  of  the  sta¬ 
tions  on  the  basis  of  total  income  was 
about  the  same  as  in  the  preceding 
year.  The  same  5  stations,  viz, 
California,  Illinois,  Indiana,  Ohio,  and 
Texas,  received  more  than  $500,000  as 
supplementary  funds,  but  18  instead 
ol'  14  stations  reported  supplementary 
funds  ranging  from  $200,000  to  $500,- 
000.  The  past  year  was  the  first  in 
which  all  stations  received  over  $10,- 
000  as  supplementary  funds,  but  in 
the  case  of  at  least  3  stations  these 
funds  were  used  mainly  for  fertilizer 
and  other  control  work  and  were  of 
little  if  any  benefit  to  the  research 
programs  of  the  stations  concerned. 

The  supplementary  funds  of  the  sta¬ 
tions  for  the  past  two  fiscal  years  are 
compared  in  Table  2. 


Table  2. — Income  of  the  agricultural 
experiment  stations  from  within  the 
States  for  the  years  ended  June 
SO,  1928  and  1929 


Station 

1928 

1929 

Alabama _ 

$87,  953.  55 

$235,  781.  75 

Arizona _ _ _ 

129,  325.  79 

111,  871.  42; 

Arkansas _ 

92,  632.  32 

205,  326.  62, 

California _ 

785,  722.  73 

837, 135.  55 

Colorado _ 

174, 132.  04 

190,  025.  01 

Connecticut  State _ 

210,  640.  02 

214,  437.  50- 

Connecticut  Storrs _ 

60,  640.  61 

57,  272.  93 

Delaware _ _ 

37,  780.  52 

38,  905.  44 

Florida.. . . 

338,  564.  43 

355,  845.  99 

Georgia _ 

63,  152.  87 

66,  953. 10. 

Idaho . . . . 

57,  321.  93 

48,  823.  09 

Illinois . . 

524,  317. 17 

531, 169.  40 

Indiana _ _ 

650,  965. 12 

756,  348.  85 

Iowa . - . . 

283,  983.  95 

287,  699.  09 

Kansas _ 

198,  085.  64 

205,  379. 17 

Kentucky _ _ 

327,  615.  58 

361,  214.  88 

Louisiana. . . . 

143,  924. 61 

150,  573.  04' 

Maine . . . 

66,  429.  51 

69,  086.  58. 

Maryland _ 

123,  247.  05 

141,  554.  38 

Massachusetts _ 

229,  632. 19 

-  247,784.46 

Michigan _ 

346,  584.  83 

333,  414.  27 

Minnesota _ 

461,  751.  08 

414,  498.  58 

Mississippi _ 

189,  357.  88 

265,  451.  60' 

Missouri _ _ 

178,  698.  84 

194, 109.  07 

Montana _ 

154,  399.  36 

156,  578. 14 

Nebraska. . . 

251,  637.  29 

223,  912.  27 

Nevada . . . 

9, 119.  77 

10,  006.  61 

New  Hampshire _ 

34,  207. 12 

39,  965.  23. 

New  Jersey _  ... 

357, 152.  68 

419,  664.  06 

New  Mexico _ 

36,  796.  33 

35, 129.  11 

New  York  Cornell _ 

295,  929.  38 

349,  208.  97 

New  York  State _ 

313,  606.  63 

341,  868.  91 

North  Carolina _ 

187, 122.  09 

198,  663. 18 

North  Dakota _ 

459,  567.  21 

259,  351.  55. 

Ohio . . . 

1,  233, 172.  82 

1,  472,  532.  76 

Oklahoma _ 

64,  090.  79 

63,  354.  85. 

Oregon _ 

251,  270.  81 

337,  697.  55- 

Pennsylvania . . 

116, 465. 19 

154, 122.  11 

Rhode  Island _ 

6,  367.  84 

16, 169.  28 

South  Carolina _ 

141,  621.  75 

157, 104.  06 

South  Dakota _ 

65,  757.  79 

61,  746.  91 

Tennessee _ 

57,  374.  27 

65,  328.  22 

Texas _ 

600, 127.  52 

589,  061. 03 

Utah _ 

89,  345.  69 

78,  998.  00' 

Vermont _ 

20,  566.  90 

21,  088.  54 

Virginia _ _ _ 

111,  655.  37 

100,  218.  59 

Washington _ 

199, 165.  32 

190,  463.  01 

West  Virginia . 

151,  850. 06 

149,  940.  77 

Wisconsin _ 

416, 978.  08 

426,  592.  36 

Wyoming _ 

64,  964.  84 

82, 163.  77 

Total  State 

support . . : 

11,442,773.06 

12,  321,  652.  21 

Federal  funds... 

3,  360, 000.  00 

3, 840, 000.  oa- 

Grand  total _ : 

14,802,773.06 

16, 161,  652.  2L 

FACILITIES  FOR  RESEARCH 
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Of  the  total  supplementary  funds 
available  the  past  year,  $8,831,357 — an 
increase  of  $460,918  over  the  preced¬ 
ing  year — was  reported  as  used  for 
research  and  experiments,  and  of  this 
amount  $2,198,549  was  expended  for 
this  purpose  at  the  substations  and 
other  points. 

A  study  of  the  distribution  of  experi¬ 
ment-station  expenditures  shows  that 
of  the  Federal  funds  over  72  per  cent 
was  used  for  salaries  and  more  than 
10  per  cent  for  labor.  Over  88  per 
cent  of  the  Adams  fund  was  expended 
for  salaries  and  labor,  and  about  5  per 
cent  was  allotted  to  chemical  supplies 
and  scientific  equipment,  so  that  93 
per  cent  of  the  fund  was  used  for 
these  4  items.  Of  the  Hatch  fund,  88 
per  cent  was  used  for  salaries,  labor, 
publications,  and  feeding  stuffs,  and 
of  the  Purnell  fund,  nearly  90  per  cent 
was  expended  for  salaries,  labor, 
travel,  scientific  equipment,  feeding 
stuffs,  and  publications,  the  amounts 
decreasing  in  the  order  named.  While 
the  distribution  of  expenditures  from 
supplementary  funds  showed  some 
general  similarity  to  that  of  expendi¬ 
tures  from  the  Federal  funds,  there 
were  certain  distinctions  worthy  of 
note. 

The  Federal  funds  represent  annual 
congressional  appropriations,  and 
since,  according  to  law,  no  annual  ap¬ 
propriation  extends  beyond  the  fiscal 
year  for  which  it  is  made,  all  unex¬ 
pended  balances  revert  at  the  close  of 
the  fiscal  period  concerned.  It  is  to 
the  advantage  of  the  stations,  there¬ 
fore,  to  use  the  entire  amounts  of  the 
Federal  funds  during  the  fiscal  year 
for  which  they  are  appropriated.  It 
is  quite  natural  to  find  the  supplemen¬ 
tary  funds  carrying  over  balances  to 
the  succeeding  year.  During  the  three 
years  1927-1929  the  balances  carried 
over  from  one  year  to  the  next  rep¬ 
resented  on  the  average  nearly  10  per 
cent  of  the  total  of  the  supplementary 
funds.  As  in  the  case  of  the  Federal 
funds,  the  largest  charge  against  the 
supplementary  funds  was  for  salaries, 
but  this  amounted  to  only  about  37  per 
cent,  while  the  total  labor  charges 
were  higher  in  proportion,  reaching 
nearly  18  per  cent.  Next  in  amount 
of  expenditure  were  those  for  build¬ 
ings  and  land,  over  6  per  cent;  those 
for  feeding  stuffs,  more  than  5  per 
cent ;  and  those  for  traveling  expenses, 
about  3.5  per  cent.  These  five  items, 
with  the  balances  carried  over,  repre¬ 
sented  approximately  80  per  cent  of 
the  funds  available  to  the  stations 


from  State  appropriations,  fees,  sales, 
and  miscellaneous  sources. 

A  detailed  statement  of  income  and 
expenditures  of  the  stations  will  be 
found  on  pages  92-100. 

J.  I.  Schulte. 

FACILITIES  FOR  RESEARCH 

The  improvements  in  facilities  for 
research  continued  to  keep  pace  with 
the  increase  in  income  of  the  stations 
and  thus  made  possible  the  more  ef¬ 
ficient  use  of  the  funds  available  for 
research.  The  amounts  spent  for  addi¬ 
tions  to  the  station  buildings  and  other 
equipment  during  the  year  ended  June 
30,  1929,  were  as  follows:  For  build¬ 
ings,  $916,421 ;  for  library,  $67,939  ;  for 
apparatus,  $196,931 ;  for  farm  imple¬ 
ments,  $236,245;  for  livestock,  $184,- 
483 ;  and  for  miscellaneous,  $461,863 ; 
a  total  of  $2,063,882. 

Some  of  the  additions  to  the  build¬ 
ings,  land,  and  other  equipment  of  the 
stations  are  noted  in  the  following 
pages. 

BUILDINGS 

The  construction  and  equipment  of 
new  buildings  during  the  year  pro¬ 
vided  improved  facilities  for  many 
lines  of  work  at  the  main  or  central 
stations  as  well  as  at  the  substations. 

Among  the  larger  buildings  con¬ 
structed  or  provided  for  was  a  new 
wing  to  the  main  building  of  the  Citrus 
Experiment  Station  at  Riverside, 
Calif.,  to  cost  $125,000.  A  new  animal 
husbandry  and  dairy  building  at  the 
Alabama  college,  erected  at  a  cost  of 
$131,000,  furnishes  improved  facilities 
for  the  work  of  the  experiment  station. 
The  University  of  Kentucky  began  the 
construction  of  a  new  dairy  building 
to  cost  about  $150,000,  which  will  be 
used  in  part  by  the  experiment  sta¬ 
tion.  The  Mississippi  station  prac¬ 
tically  completed  a  station  administra¬ 
tion  building  to  cost  $100,000. 

Cornell  University  had  under  con¬ 
struction  a  new  plant  industry  build¬ 
ing  to  cost  over  $1,000,000,  which  will 
house  some  of  the  station  work.  The 
New  York  State  station  received  a 
State  appropriation  of  $15,000  toward 
the  construction  of  a  horticultural 
building.  Washington  State  College 
completed  a  new  home  economics  build¬ 
ing,  which  furnishes  needed  accommo¬ 
dation  for  research  in  this  subject. 
An  an’mal  husbandry  research  build¬ 
ing  was  in  course  of  erection  at  the 
L('Uisiana  station.  The  New  Mexico 
station  completed  a  new  dairy  labora- 
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tory  at  a  cost  of  $15,000.  The  Legis¬ 
lature  of  New  Mexico  made  available 
to  the  college  $200,000  for  building 
purposes  to  include  the  erection  of  an 
agronomy  and  a  biology  building, 
which  will  be  used,  to  some  extent,  for 
station  purposes. 

The  Michigan  station,  with  a  State 
appropriation  of  $50,000,  had  under 
construction  a  poultry  plant  including 
two  laying  houses  arranged  and 
equipped  especially  for  experimental 
work,  and  also  a  3-story  laboratory 
building  planned  and  equipped  solely 
for  research.  At  the  Ohio  station  a 
poultry  building  was  completed  at  a 
cost  of  $31,000,  a  poultry  laying  house 
was  provided,  and  an  entomology 
building  to  cost  $32,000  was  planned. 
The  New  Hampshire  station  also 
added  new  poultry  buildings  and 
equipment. 

Barns  and  similar  farm  buildings 
were  put  up  or  provided  for  at  a  num¬ 
ber  of  stations.  The  Alabama  station 
planned  the  erection  of  a  new  dairy 
barn  to  cost  about  $18,000.  The  Wash¬ 
ington  station  completed,  at  a  cost  of 
$20,000,  a  new  dairy  barn.  The  West 
Virginia  station  completed  a  new 
sheep  barn  costing  about  $6,600.  The 
Oregon  station  built  a  new  sheep  barn 
and  was  authorized  to  build  a  new 
veterinary  barn  for  experimental  work 
with  dairy  cattle.  The  Florida  sta¬ 
tion  restored  the  buildings  and  other¬ 
wise  repaired  the  damage  to  the  Ever¬ 
glades  substation  at  Belle  Glade 
caused  by  the  storm  of  September, 
1928.  The  South  Carolina  station  con¬ 
structed  at  the  Sand  Hill  substation 
an  office  and  laboratory  building,  a 
superintendent’s  residence,  and  two 
5-room  cottages  in  preparation  for 
more  extensive  work,  largely  in  co¬ 
operation  with  the  Department  of 
Agriculture. 

EQUIPMENT 

There  were  many  improvements  in 
special  equipment. 

The  California  station  erected  three 
greenhouses  at  Davis  at  a  cost  of  $22,- 
500,  thus  making  available  five  modern 
structures  of  this  type  for  experimen¬ 
tal  work.  The  Kansas  station  was 
granted  $6,000  for  remodeling  its 
greenhouse  facilities.  The  North  Caro¬ 
lina  station  provided  additional  green¬ 
house  equipment  for  experimental 
purposes.  The  Nebraska  station  built, 
at  a  cost  of  about  $28,000,  a  series  of 
greenhouses  especially  adapted  to  tem¬ 
perature  control.  New  greenhouses 
were  provided  also  by  the  New  Hamp¬ 
shire  station  for  work  in  agronomy. 


The  Tennessee  station  completed  a 
greenhouse  designed  for  use  in  its 
work  in  plant  pathology.  A  green¬ 
house  for  study  of  plant  diseases  was 
completed  at  the  Washington  station. 

Many  improvements  in  equipment 
and  facilities  for  work  in  agronomy 
were  reported.  A  lysimeter,.  including 
102  tanks,  for  the  study  of  the  leach¬ 
ing  of  nitrogen  from  soils  and  other 
soil  problems,  was  installed  by  the 
Connecticut  State  station  at  the  To¬ 
bacco  substation  at  Windsor  at  a  cost 
of  $3,000.  A  new  type  of  lysimeter  was 
installed  at  the  New  Jersey  stations 
for  the  study  of  the  drainage  and 
leaching  of  different  soil  horizons  with¬ 
out  disturbing  the  soil  profile.  The 
West  Virginia  station  constructed  a 
series  of  soil  bins  for  controlled  ex¬ 
periments  in  agronomy. 

The  Illinois  station  devised  an  elec¬ 
trical  seed-corn  germinator  with  con¬ 
trolled  temperature  and  humidity, 
which  is  useful  not  only  in  testing  for 
germination  but  also  for  disease  in¬ 
fection.  The  Kansas  station  installed 
at  the  Fort  Hays  substation  a  battery 
of  experimental  grain-drying  bins  and 
tanks  for  investigations  on  the  curing 
and  marketing  of  grain.  The  Michi¬ 
gan  station  built  a  machine  for  wash¬ 
ing  sugar  beets  and  other  similar  roots, 
to  determine  with  greater  accuracy  the 
net  yields  of  plats,  more  especially  in 
breeding  work.  The  machine  appears 
to  be  of  value  also  for  washing  all 
kinds  of  roots  and  vegetables  for  mar¬ 
ket.  This  station  also  developed  a 
device  for  laying  mulch  paper,  which 
is  of  simple  construction,  and,  while 
mainly  of  value  in  general  cultural 
operations,  is  also  of  use  in  experi¬ 
mental  work.  The  Ohio  station  de¬ 
veloped  a  photometric  method,  using 
the  selenium  cell,  for  measuring  the 
area  of  corn  leaves.  This  station  also 
evolved  an  apparatus  for  the  study  of 
plant  growth  under  controlled  condi¬ 
tions.  The  Missouri  station  added  spe¬ 
cial  apparatus  and  improved  equip¬ 
ment  for  use  largely  in  genetic  studies 
with  field  crops. 

The  California  station  began  con¬ 
struction  at  Riverside  of  a  new  insec¬ 
tary  to  cost  about  $25,000.  A  new  in¬ 
sectary  and  apiary  was  added  to  the 
equipment  of  the  North  Dakota  sta¬ 
tion. 

The  California  station  completed 
and  occupied  at  San  Jose  a  well- 
equipped  plant  pathology  laboratory 
erected  at  a  cost  of  approximately 
$8,000.  At  the  North  Carolina  station 
a  poultry-disease  plant  was  completed 
and  put  into  use  especially  for  the 
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study  of  soil  pollution  and  transmis¬ 
sion  of  bacillary  white  diarrhea.  The 
Nebraska  station  also  completed  and 
occupied  a  building  for  the  study  and 
control  of  poultry  diseases  by  sanitary 
methods.  The  Legislature  of  Utah 
gave  the  station  $10,000  for  a  labora¬ 
tory  building  for  work  on  animal  dis¬ 
eases  and  also  made  a  special  appro¬ 
priation  for  such  work. 

Improvements  in  equipment  for 
both  scientific  and  practical  work  in 
horticulture  were  reported  by  a  num¬ 
ber  of  stations.  The  Iowa  station  set 
up  apparatus  for  the  determination  of 
carbon  dioxide  as  a  measure  of  respi¬ 
ration  in  apples,  tomatoes,*  and  cut 
flcwers  in  storage.  The  New  Jersey 
stations  developed  a  device  for  deter¬ 
mining  the  texture  of  peaches  with 
reference  to  shipping  and  edible 
quality-  Similar  tests  were  reported 
bv  the  California  station  for  estab¬ 
lishing  maturity  standards  for  Bart¬ 
lett  pears  for  shipment  to  eastern 
markets  and  by  the  Oregon  station 
for  ascertaining  the  degree  of  ma¬ 
turity  in  prunes  and  the  best  time  of 
picking  them  for  shipment  in  fresh 
cc  ndition.  In  connection  with  studies 
on  the  standardization  of  dried  prunes, 
the  Oregon  station  perfected  a  gravity 
method  of  grading,  based  on  fioating 
in  salt  and  sugar  solutions  of  different 
specific  gravities,  which  gives  results 
closely  agreeing  with  market  stand- 
rrds  of  quality  in  both  fresh  fruit  and 
the  dried  product.  The  West  Virginia 
station  reported  the  construction  of  an 
apparatus  for  growing  plants  in  soil 
under  microbiologically  controlled  con¬ 
ditions. 

The  Missouri  station  devised  a 
tabulating  machine  which  is  con¬ 
sidered  especially  adaptable  to  statis¬ 
tical  computations  of  various  kinds. 

UNO 

The  land  area  devoted  to  experi¬ 
ment  station  uses  was  increased  dur¬ 
ing  the  year.  The  Alabama  station 
established  a  substation  at  Crossville 
to  deal  mainly  with  crops  and  poultry 
and  one  at  Headland  to  study  crops 
and  hogs.  The  land  for  these  substa¬ 
tions  was  donated  by  the  respective 
communities.  Similarly,  160  acres 
was  donated  by  Tensas  Parish,  La.,  for 
a  new  substation  at  St.  .Joseph.  The 
Massachusetts  station  was  given  a 
special  appropriation  of  $800  for  addi¬ 
tional  land  for  the  cranberry  substa¬ 
tion  at  Wareham.  Additions  were 
made  during  the  year  to  the  farm  of 
the  Mississippi  station,  which  now  in¬ 


cludes  about  1,400  acres.  The  Ne¬ 
braska  station  was  authorized  by  the 
State  legislature  to  dispose  of  a  tract 
of  land  purchased  some  time  ago  for 
an  irrigation  school  and  to  use  the 
proceeds  for  additional  lands  and  im¬ 
provements  at  the  Scottsbluff  substa¬ 
tion.  Two  farms  recently  purchased 
for  the  Oklahoma  station  were  as¬ 
signed  to  the  animal  husbandry  de¬ 
partment  of  the  station,  which  \vill 
develop  one  for  work  with  hogs  and 
the  other  for  work  with  cattle  and  the 
production  of  feed.  The  Oregon  col¬ 
lege  secured  a  farm  of  244  acres  for 
use  largely  by  the  experiment  station.. 
The  South  Dakota  Legislature  author¬ 
ized  the  purchase  of  80  acres  of  land 
for  the  station. 

The  Rhode  Island  station  acquired  a 
40-acre  farm  early  in  the  year  on 
which  the  research  in  poultry  pathol¬ 
ogy  and  horticulture  is  to  be  located. 
An  animal-disease  laboratory  was  un¬ 
der  construction  and  a  farmhouse  was 
reconstructed  for  station  purposes. 
By  an  act  of  Congress  approved  Feb¬ 
ruary  16,  1929,  the  Secretary  of  the 
Interior  was  authorized  and  directed 
to  exchange  18  sections  of  public  lauds 
in  Utah  for  an  equal  value  of  Utah 
State  lands  of  the  same  character  for 
use  in  experimental  sheep  raising,  the 
experiments  to  be  conducted  by  per¬ 
sons  designated  by  the  director  of  the 
Utah  station  and  in  cooperation  with 
the  station. 

J.  I.  Schulte. 

PERSONNEL  CHANGES 

Changes  in  directorships  during  the 
year  ended  June  30,  1929,  numbered 
8.  The  number  of  other  major 
changes  in  personnel  was  111,  as  com¬ 
pared  with  68  for  the  previous  year. 
Of  this  number  51  were  in  the  rank 
of  chief,  or  heads  of  departments,  and 
60  were  among  the  associates.  There 
were  10  losses  by  death,  and  a  num¬ 
ber  of  changes  were  caused  by  either 
retirement  or  the  relinquishment  of 
administrative  duties  to  devote  time 
exclusively  to  research  or  teaching. 

CHANGES  IN  DIRECTORSHIPS 

E.  D.  Ball  was  appointed  director 
of  the  Arizona  station,  effective  Octo¬ 
ber,  1928,  succeeding  J.  J.  Thornber, 
who  relinquished  the  directorship  to 
devote  his  time  exclusively  to  research. 

J.  H.  Skinner  succeeded  G.  I.  Chris¬ 
tie  as  director  of  the  Indiana  station, 
holding  this  position  in  addition  to 
his  duties  as  dean  of  the  school  of 
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agriculture  and  director  of  agricul¬ 
tural  extension  at  Purdue  University. 

The  vacancy  at  the  Louisiana  sta¬ 
tion  was  filled  by  the  appointment  of 
C.  T.  Dowell,  formerly  director  of  the 
Oklahoma  station. 

U.  P.  Hedrick,  vice  director  of  the 
New  York  State  experiment  station, 
was  made  director  of  the  station  ef¬ 
fective  October,  1928,  succeeding  P.  B. 
Morrison,  who  relinquished  adminis¬ 
trative  duties  to  become  head  of  the 
animal  husbandry  department  at  the 
New  York  State  College  of  Agricul¬ 
ture. 

At  the  New  York  Cornell  station 

A.  B.  Mann,  dean  of  the  college  of 
agriculture,  assumed  the  duties  of  sta¬ 
tion  director,  which  had  been  held  by 
F.  B.  Morrison. 

C.  P.  Blackwell  was  appointed  di¬ 
rector  of  the  Oklahoma  station,  ef¬ 
fective  December  13,  1928. 

B.  E.  Gilbert,  chemist  of  the  Rhode 
Island  station,  who  had  been  acting 
director  since  the  resignation  of  B.  L. 
Hartwell,  was  elected  director  of  the 
station,  effective  in  February,  1929. 

P.  V.  Cardon,  farm  economist,  was 
made  director  of  the  Utah  station  vice 
William  Peterson,  who  continues  as 
director  of  the  agricultural  extension 
division.  This  change  was  eifective 
July  1,  1928. 

OTHER  CHANGES 

New  appointments  at  the  Alabama 
station  included  those  of  J.  L.  Seal, 
associate  in  plant  pathology,  and  S.  J. 
Schilling  in  animal  nutrition  research. 

T.  F.  Buehrer,  of  the  faculty  of  the 
University  of  Arizona,  was  added  to 
the  station  staff  as  physical  chemist. 

C.  O.  Brannen  was  made  assistant 
director  of  research  at  the  Arkansas 
station  retaining  his  duties  as  head 
of  the  department  of  agricultural 
economics.  Madge  E.  Johnson,  home 
economics  research  worker,  resigned. 

C.  B.  Hutchison  was  appointed  di¬ 
rector  of  the  Giannini  Foundation  of 
Agricultural  Economics,  and  associate 
director  of  research  at  the  California 
station,  assuming  these  duties  in  the 
fall  of  1928.  H.  J.  Webber,  director 
cf  the  Citrus  Experiment  Station,  re¬ 
signed  his  administrative  duties,  June 
30,  1929,  to  devote  his  time  exclusively 
to  research  on  citrus  stocks.  L.  D. 
Batchelor,  horticulturist  at  Riverside, 
succeeded  as  director  of  the  citrus 
work.  D.  R.  Porter  of  Iowa  was 
appointed  associate  plant  breeder  to 
fill  the  vacancy  caused  by  the  death 
of  J.  T.  Rosa,  which  occurred  August 


7,  1928.  Max  Kleiber,  of  Zurich, 
Switzerland,  was  appointed  associate 
in  animal  husbandry,  and  L.  W. 
Taylor,  associate  in  poultry  husbandry. 

G.  S.  Klemmedson  was  appointed 
associate  in  agricultural  economics  at 
the  Colorado  station.  Resignations  in 
the  rank  of  associate  included  those 
of  R.  A.  McGinty  in  hortichlture,  C.  N. 
Shepardson  in  animal  husbandry,  and 
Mrs.  Marjorie  J.  Peterson,  investiga¬ 
tor  in  home  economics.  Robert  Gard¬ 
ner  succeeded  J.  C.  Ward  as  soil 
chemist  at  the  Rocky  Ford  substation. 

Walter  Landauer,  associate  in  ani¬ 
mal  genetics  at  the  Connecticut  Storrs 
station,  succeeded  L.  C.  Dunn  as  head 
of  the  department.  J.  F.  Markey  was 
appointed  associate  sociologist  at  this 
station.  E.  W.  Sinnott,  plant  genet¬ 
icist,  and  J.  G.  McAlpine,  bacteriolo¬ 
gist  in  poultry  diseases,  resigned. 

T.  B.  Osborne,  chief  of  the  bio¬ 
chemistry  division  of  the  Connecticut 
State  station,  died  January  29,  1929. 
His  associate,  H.  B.  Vickery,  was 
appointed  as  biochemist  in  charge. 

The  Delaware  station  reported  the 
resignation  of  C.  L.  Benner,  chief  in 
agricultural  economics,  effective  June 
30,  1929. 

The  veterinary  work  at  the  Florida 
station  was  transferred  to  the  division 
of  animal  husbandry,  and  A.  L.  Shealy, 
the  veterinarian,  was  made  head  of 
the  department.  W.  B.  Tisdale,  plant 
pathologist  at  the  Tobacco  station,  was 
transferred  to  the  main  station  as 
head  cf  the  plant  pathology  work,  the 
position  having  been  vacant  since  the 
death  of  O.  F.  Burger  in  January, 
1928.  R.  B.  Becker,  of  Oklahoma,  was 
appointed  associate  in  dairy  husband¬ 
ry.  A.  F.  Camp,  associate  horticul¬ 
turist,  was  promoted  to  the  rank  of 
horticulturist ;  R.  M.  Barnette  and 

R.  L.  Miller,  assistants,  were  promoted 
to  associate  in  soil  chemistry  and  as¬ 
sociate  in  entomology,  respectively. 

S.  T.  Fleming,  for  several  years  assist¬ 
ant  to  the  station  director,  was  made 
assistant  director  of  the  station. 

Leah  Ascham  was  appointed  nutri¬ 
tion  specialist  at  the  Georgia  station, 
cooperating  with  the  Georgia  State 
College  of  Agriculture.  R.  C.  Camp¬ 
bell,  cotton  fiber  specialist,  resigned 
October  23,  1928,  and  was  succeeded  by 
G.  A.  Hale,  assistant  agronomist. 
R.  C.  Thomas,  plant  pathologist  at  the 
Georgia  Coastal  Plain  station,  died 
December  25,  1928. 

C.  W.  Hungerford,  plant  pathologist 
at  the  Idaho  station,  was  made  also 
vice  director  of  the  station.  E.  M. 
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-Gildow,  of  New  Hampshire,  was  ap¬ 
pointed  veterinarian,  and  J.  D.  Rems- 
berg,  jr.,  was  made  field  agronomist 
and  seed  commissioner,  succeeding  C. 

B.  Ahlson.  P.  A.  Eke,  of  the  West 
Virginia  station,  was  appointed  agri¬ 
cultural  economist,  effective  May  1, 
1929.  R.  E.  Neidig,  the  station  chem¬ 
ist,  resigned  in  December,  1928,  and 

H.  P.  Magnuson,  an  assistant,  was 
named  as  acting  chemist. 

At  the  Illinois  station  R.  C.  Ashby 
was  made  associate  chief  in  livestock 
marketing,  by  promotion  from  the 
rank  of  assistant  chief.  Resignations 
in  the  rank  of  associate  included  those 
of  E.  L.  Winter  in  plant  breeding.  A, 
L.  Lang  in  soil  experiments,  E.  A. 
Tunnicliff  in  animal  pathology,  and 

H.  A.  Berg  in  farm  organization  and 
management. 

F.  G.  King,  associate  chief  of  the 
department  of  animal  husbandry  at 
the  Indiana  station,  was  made  head 
of  the  department,  effective  October 

I,  1928.  M.  W.  Gardner  was  ap¬ 
pointed  acting  head  of  the  department 
of  botany,  following  the  resignation 
of  H.  S.  Jackson.  R.  A.  Whiting,  as¬ 
sociate  animal  pathologist,  resigned 
September  10,  1928,  and  G.  N.  Hoffer, 
associate  botanist  and  plant  patholo¬ 
gist,  February  1,  1929.  L.  S.  Robert¬ 
son  was  transferred  from  the  extension 
service  to  the  station  staff  as  asso¬ 
ciate  in  farm  marketing.  Claude 
Harper  and  J.  H.  Hilton,  of  the  exten¬ 
sion  and  teaching  faculties,  were 
added  to  Ihe  station  staff,  the  former 
as  associate  in  animal  husbandry  and 
the  latter  as  associate  in  dairy  pro¬ 
duction.  G.  H.  Roberts,  associate  in 
veterinary  science  at  the  station  for 
the  past  10  years,  died  January  3, 
1929. 

A.  G.  Black,  of  Minnesota,  succeeded 

C.  L.  Holmes  as  chief  of  the  agricul¬ 
tural  economics  section  at  the  Iowa 
station.  E.  C.  Volz,  of  the  college 
staff,  was  made  chief  in  floriculture 
at  the  station,  and  H.  A.  Sayre  was 
placed  in  charge  of  the  work  in  house¬ 
hold  equipment.  C.  H.  Richardson 
was  appointed  assistant  chief  in  en¬ 
tomology,  and  E.  W.  Bird,  of  the  teach¬ 
ing  staff,  succeeded  L.  T.  Anderegg  as 
assistant  chief  in  dairy  industry.  H. 
A.  Bittenbender,  chief  in  poultry  hus¬ 
bandry,  resigned.  L.  H.  Pammel,  head 
of  the  department  of  botany,  resigned 
his  administrative  duties,  continuing 
in  research. 

The  department  of  agricultural  engi¬ 
neering  of  the  Kansas  college  was 
made  a  part  of  the  station,  and  F.  C. 
Fenton,  head  of  the  department,  with 


R.  H.  Driftmier  and  C.  A.  Logan,  in¬ 
vestigators,  were  added  to  the  staff. 
C.  H.  Whitnah  was  appointed  dairy 
chemist.  Resignations  in  the  rank  of 
associate  included  those  of  R.  W.  Titus, 
in  feeding-stuffs  analysis;  E.  S.  Lyons, 
in  soils,  and  F.  H.  Collins,  in  food 
chemistry. 

H.  B.  Price  of  Minnesota  was  ap¬ 
pointed  head  of  the  department  of 
markets  and  rural  finance  at  the  Ken¬ 
tucky  station,  succeeding  O.  B.  Jes- 
ness,  resigned.  In  addition  to  his  work 
as  plant  pathologist,  W.  D.  Valleau 
was  made  head  of  the  department  of 
horticulture.  Statie  Erikson,  profes¬ 
sor  of  home  economics,  succeeded  Ma¬ 
ri  el  Hopkins  as  head  of  the  depart¬ 
ment.  W.  A.  Price  was  appointed 
head  of  the  department  of  entomology 
and  botany,  vice  Harrison  Garman,  re¬ 
tired.  A.  M.  Peter,  the  station  chem¬ 
ist,  also  retired,  effective  June  30, 
1929. 

C.  W.  Upp  was  appointed  head  of  the 
poultry  department  at  the  Louisiana 
station,  and  J.  P.  Gray  was  made 
agronomist,  vice  D.  N.  Barrow,  who 
died  December  20,  1928.  Gertrude 

Sunderlin  was  appointed  research 
specialist  in  home  economics.  R.  L. 
Mayhew  of  the  university  was  added 
to  the  station  staff  for  work  in 
parasitology,  and  R.  L.  Thompson  and 
W.  M.  Stevens  for  work  in  agricultural 
economics.  G.  B.  Haddon,  a  former 
district  extension  agent,  was  made  su¬ 
perintendent  of  the  newly  established 
cotton  branch  station  in  Tensas  Parish. 

The  Maine  station  reported  the  ap¬ 
pointment  of  Fred  Griffee,  of  Okla¬ 
homa,  as  biologist,  effective  August  1, 
1928.  Reiner  Bonds  in  plant  pathol¬ 
ogy  and  J.  L.  Babson,  jr.,  in  agricul¬ 
tural  economics  were  promoted  to  the 
rank  of  associate. 

R.  P.  Thomas  was  added  to  the 
Maryland  station  staff  as  associate  in 
soil  technology.  L.  W.  Erdman,  in 
soils,  and  V.  R.  Boswell,  olericulturist, 
resigned  in  the  fall  of  1928. 

E.  L.  Anthony,  of  West  Virginia, 
succeeded  O.  E.  Reed  as  head  of  the 
dairy  department  at  the  Michigan 
station,  effective  September  1,  1928, 
and  C.  S.  Robinson  was  elected  head 
of  the  chemical  section  to  succeed  A. 

J.  Patten,  resigned.  C.  E.  Millar,  of 
the  teaching  staff,  was  added  to  the 
station  as  research  associate  in  soils. 
E.  B.  Hill,  assistant  to  the  director 
of  the  station,  was  placed  in  charge 
of  the  newly  established  department 
of  farm  management. 

H.  K.  Hayes,  plant  breeder  at  the 
Minnesota  station,  was  made  chief  of 
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the  reorganized  division  of  agronomy 
and  plant  genetics,  and  O.  B.  Jesness, 
formerly  of  the  Kentucky  station,  was 
appointed  chief  of  the  division  of  farm 
management  and  agricultural  econom¬ 
ics.  Andrew  Boss  relinquished  his  re¬ 
search  in  farm  management  to  devote 
his  time  entirely  to  his  administra¬ 
tive  duties  as  vice  director  of  the  sta¬ 
tion.  Francis  Jager,  head  of  the  bee¬ 
keeping  division,  resigned  October  1, 
1928,  and  the  division  was  combined 
with  that  of  entomology  and  economic 
zoology,  M.  C.  Tanquary  being  ap¬ 
pointed  station  apiculturist.  •  L.  M. 
Winters,  of  the  University  of  Sas¬ 
katchewan,  was  appointed  animal 
breeder.  E.  A.  Stewart,  associate  ag¬ 
ricultural  physicist,  and  J.  P.  Went- 
ling,  associate  forester,  resigned.  M. 
H.  Reynolds,  in  charge  of  veterinary 
work  at  the  station  for  the  past  25 
years,  died  in  January,  1929. 

L.  E.  Miles  succeeded  D.  C.  Neal 
as  plant  pathologist  at  the  Mississippi 
station,  the  latter  having  resigned  to 
accept  a  position  in  the  United  States 
Department  of  Agriculture.  L.  M. 
Ware  was  appointed  horticulturist, 
and  G.  R.  Sipe  was  transferred  from 
the  extension  service  to  the  station 
as  head  of  the  poultry  husbandry 
work.  S.  J.  Greer  was  appointed 
assistant  director  of  the  Pecan  branch 
station  recently  established  in  Adams 
County,  and  W.  R.  Perkins  succeeded 
E.  B.  Ferris  as  assistant  director  at 
the  South  Mississippi  Branch  Station. 
J.  O.  Smith  was  added  to  the  staff 
of  the  Delta  Branch  Station  as  agri¬ 
cultural  engineer. 

J.  W.  Barger,  associate  in  rural 
sociology  at  the  Montana  station,  re¬ 
signed,  effective  October  1,  1928. 

E.  E.  Brackett  was  made  acting 
head  of  the  department  of  agricultural 
engineering  at  the  Nebraska  station 
during  absence  on  leave  of  O.  W. 
Sjogren,  chairman  of  the  department. 

T.  B.  Charles  succeeded  A.  W. 
Richardson  as  poultry  husbandman 
at  the  New  Hampshire  station,  assum¬ 
ing  his  duties  August  1,  1928.  C.  L. 
Martin  was  appointed  veterinarian  at 
this  station. 

The  New  Jersey  stations  reported 
the  appointment  of  Sante  Mattson  as 
associate  soil  chemist  to  give  special 
attention  to  physical  properties  of 
soils. 

G.  N.  Stroman  was  appointed  asso- 
cjate  agronomist  at  the  New  Mexico 
station  to  take  up  improvement  work 
with  cotton.  Mary  L.  Greenwood  was 
employed  as  research  specialist  in 
home  economics. 


A.  C.  Beal,  floriculturist  at  the  New 
York  Cornell  station  for  21  years,  died 
in  May,  1929.  J.  E.  Knott,  of  Penn¬ 
sylvania,  was  added  to  the  station 
staff  for  research  work  in  vegetable 
gardening,  and  A.  G.  Newhall,  of  Ohio, 
for  work  in  plant  pathology.  G.  P. 
Scoville,  research  professor  of  farm 
management,  resigned  to  accept  a  posi¬ 
tion  in  the  United  States  Department 
of  Agriculture. 

P.  J.  Parrott,  chief  in  research  in 
entomology,  was  named  as  vice  direc¬ 
tor  of  the  New  York  State  station. 
J.  J.  Willaman,  of  Minnesota,  was 
elected  to  succeed  L.  L.  Van  Slyke  as 
chief  in  research  in  chemistry,  and 
J.  G.  Horsfall  succeeded  L.  K.  Jones 
as  associate  in  research  in  plant  pa¬ 
thology,  both  appointments  effective 
February  1,  1929.  New  appointments 
in  the  rank  of  associate  included  those 
of  B.  R.  Nebel  in  research  in  horti¬ 
culture  and  G.  E.  R.  Hervey  in  re¬ 
search  in  entomology.  R.  C.  Collison, 
chief  in  research  in  agronomy,  was 
transferred  to  the  division  of  horticul¬ 
ture,  with  the  title  of  chief  in  research 
in  orchard-soil  investigations.  J.  E. 
Mensching,  associate  in  research  in 
agronomy,  resigned.  W.  P.  Wheeler, 
associate  in  research  in  animal  hus¬ 
bandry,  retired  after  41  years’  service 
with  the  station. 

The  North  Dakota  station  reported 
the  transfer  of  G.  J.  Baker  from  the 
extension  service  to  the  position  of 
assistant  chairman  of  the  animal  hus¬ 
bandry  division,  effective  in  October, 
1928.  Mayme  Dworak,  bacteriologist 
and  plant  physiologist,  resigned  to  con¬ 
tinue  advanced  studies  at  Pasteur  In¬ 
stitute  at  Paris. 

C.  W.  Bennett  was  appointed  asso¬ 
ciate  plant  pathologist  at  the  Ohio 
station.  C.  E.  Dike  of  the  agronomy 
department  was  made  superintendent 
of  the  new  farm  established  in  Henry 
County.  J.  H.  Gourley,  chief  of  the 
horticultural  division,  assumed  also 
the  duties  of  head  of  the  horticul¬ 
tural  department  of  the  College  of  Ag¬ 
riculture  of  Ohio  State  University,  and 
R.  M.  Salter,  chief  of  the  agronomy 
division,  the  duties  of  chairman  of  the 
department  of  soils  at  the  college. 

H.  F.  Murphy,  associate  in  farm 
crops  and  soils  at  the  Oklahoma  sta¬ 
tion,  was  made  acting  head  of  the  de¬ 
partment  in  the  absence  of  A.  A. 
Daane,  on  sabbatic  leave  for  advanced 
M’Ork.  J.  C.  Ireland  succeeded  Fred 
Griffee  in  plant-breeding  work.  In  the 
department  of  agricultural  economics 
O.  W.  Herrmann  and  P.  H.  Stephens 
were  appointed  associates  vice  W.  W. 
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Fetrow  and  J.  O.  Ellsworth,  respec¬ 
tively.  J.  F.  Page,  associate  agricul¬ 
tural  economist,  relinquished  station 
duties  to  devote  his  entire  time  to 
teaching.  A.  C.  Baer,  for  the  past  10 
years  head  of  the  department  of 
dairying  and  dairy  husbandry,  died 
January  7,  1929.  A.  D.  Burke,  his 
associate,  was  made  acting  head  of 
the  department. 

F.  E.  Price  was  transferred  from 
the  extension  service  to  the  Oregon 
station  staff  as  agricultural  engi¬ 
neer,  vice  G.  W.  Kable,  resigned,  and 
M.  R.  Lewis  was  appointed  drainage 
engineer,  cooperating  with  the  Bureau 
of  Public  Roads  of  the  United  States 
Department  of  Agriculture. 

T.  E.  Odland  of  West  Virginia  suc¬ 
ceeded  B.  L.  Hartwell  as  agronomist 
at  the  Rhode  Island  station,  effective 
February  1,  1929.  J.  B.  Smith,  asso¬ 
ciate  chemist,  was  made  chemist,  and 

F.  R.  Pember  returned  to  the  station 
as  associate.  F.  T.  McLean,  plant 
physiologist,  resigned  in  July,  1928, 
his  duties  being  assumed  by  the  station 
director. 

R.  A.  McGinty  was  appointed  horti¬ 
culturist  at  the  South  Carolina  sta¬ 
tion,  assuming  his  duties  July  1,  1928. 

G.  M.  Armstrong,  ,in  charge  of  cotton 
research  at  the  Pee  Dee  substation  at 
Florence,  was  transferred  to.  the  main 
station  as  botanist  and  plant  patholo¬ 
gist,  and  J.  M.  Wallace  was  added  to 
the  staff  as  associate.  E.  C.  Elting 
succeeded.  K.  S.  Morrow  as  associate 
dairyman. 

The  South  Dakota  station  appointed 
K.  W.  Franke  chemist  vice  B.  A.  Dun¬ 
bar,  who  was  relieved  of  station  work 
to  devote  his  time  exclusively  to  teach¬ 
ing.  K.  H.  Klages  of  Oklahoma  was 
appointed  associate  agronomist. 

Helge  Ness,  botanist  at  the  Texas 
station  for  the  past  40  years,  died  De¬ 
cember  30,  1928,  and  W.  S.  Hotchkiss, 
superintendent  of  the  Troup  substa¬ 
tion,  died  July  14,  1928. 

H.  J.  Pack,  entomologist  at  the  Utah 
station,  was  appointed  acting  head  of 
the  department  of  zoology  and  ento¬ 
mology  at  the  college. 

Appointments  in  the  rank  of  asso¬ 
ciate  at  the  Vermont  station  included 
A.  R.  M.idgley  in  agronomy  and  O.  M. 
Camburn  in  dairy  husbandry.  A.  H. 
Robertson,  dairy  bacteriologist,  re¬ 
signed,  effective  October  1,  1928,  to 
take  the  position  of  dairy  bacteriolo¬ 
gist  for  the  New  York  State  Depart¬ 
ment  of  Farms  and  Markets,  and  A. 

H.  Gilbert,  associate  plant  pathologist, 
resigned  July  1,  1928,  to  become  head 
of  the  denartment  of  nlant  pathology 


at  Macdonald  College,  Province  of 
Quebec,  Canada. 

R.  E.  Hunt  and  I.  D.  Wilson,  of  the 
Virginia  Polytechnic  Institute,  were 
added  to  the  station  staff,  the  former 
as  animal  husbandman  and  the  latter 
as  zoologist  and  animal  pathologist, 
both  appointments  effective  October  1, 
1928.  D.  C.  Heitshu,  agricultural  en¬ 
gineer,  was  assigned  to  the  station  for 
full-time  work,  succeeding  V.  R.  Hill¬ 
man,  who  was  transferred  to  the 
teaching  staff. 

L.  K.  Jones,  of  Geneva,  N.  Y.,  was 
appointed  associate  plant  pathologist 
at  the  Washington  station,  effective 
September  1,  1928,  and  F.  R.  Yoder 
was  added  to  the  staff  as  rural  sociolo¬ 
gist.  Evelyn  H.  Roberts  succeeded 
Inez  J,  Arnquist  as  research  specialist 
in  home  economics. 

H.  O.  Henderson,  associate  animal 
husbandman  at  the  West  Virginia  sta¬ 
tion,  was  made  head  of  the  depart¬ 
ment,  succeeding  E.  L.  Anthony,  re¬ 
signed.  W.  H.  Pierre,  of  Alabama, 
was  appointed  associate  agronomist 
and  F.  J.  Schneiderhan  of  Virginia  as¬ 
sociate  plant  pathologist. 

Among  major  appointments  at  the 
Wisconsin  station  were  W.  V.  Price 
in  dairy  husbandry  and  W.  P.  Mor- 
tenson  and  E.  L.  Kirkpatrick  in  agri¬ 
cultural  economics.  John  Swenehart, 
agricultural  engineer,  resigned  Janu¬ 
ary  1,  1929.  W.  H.  Wright,  agricul¬ 
tural  bacteriologist  at  the  station  for 
some  20  years,  died  May  3,  1929. 

A.  R.  McLaughlin  was  appointed 
pharmacologist  in  the  department  of 
research  chemistry  at  the  Wyoming 
station.  Mary  A.  Agnew. 

A.  C.  TRUE 

In  the  death  of  A.  C.  True,  April 
23,  1929,  there  passed  away  one  to 
whom  agricultural  education  and  re¬ 
search  owes  a  great  debt.  During  the 
long  period  of  his  connection  with  the 
Office  of  Experiment  Stations  and  in 
his  relations  with  the  experiment  sta¬ 
tions,  he  was  influential  in  the  estab¬ 
lishment  and  maintenance  of  sound 
policies  and  high  standards  of  re¬ 
search  in  agriculture.  Within  this 
period  a  great  system  of  agricultural 
research  was  developed.  Many  others, 
of  course,  have  played  important  parts 
in  this  development,  but  it  may  be 
conservatively  said  that  no  single  in¬ 
dividual  better  served  or  more  per¬ 
manently  benefited  the  cause  of  agri¬ 
cultural  education  and  research  during 
its  critical  formative  period  and  early 
development. 
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STATION  PROJECTS 

Agricultural  research  at  the  experi¬ 
ment  stations  is  conducted  largely  on 
a  project  basis ;  that  supported  by  the 
Adams  and  Purnell  funds  being  wholly 
in  the  form  of  projects,  which  are 
submitted  to  the  Office  of  Experiment 
Stations  for  approval  before  they  are 
undertaken. 

There  appears  to  be  general  recogni¬ 
tion  of  the  advantage  of  conducting 
the  station  work  on  the  basis  of  care¬ 
fully  formulated  projects,  and  agree¬ 
ment  as  to  the  essentials  of  a  well- 
planned  project,  viz,  that  it  shall  be 
clear-cut  and  specific  in  title  and  ob¬ 
jective,  up  to  date  in  the  procedure  to 
be  followed,  and  designed  to  provide 
for  thoroughgoing  investigation  which 
takes  due  account  of  previous  work. 
Adams  and  Purnell  projects  submitted 
to  this  office  for  approval  are  examined 
carefully  for  conformity  to  these 
requirements. 

ADAMS  PROJECTS 

During  the  year  there  were  in  active 
operation  447  projects  supported  by 
the  $720,000  made  available  by  the 
Adams  Act,  and  by  supplementary 
funds  from  other  sources,  which 
brought  the  estimated  total  up  to 
more  than  $1,000,000. 

During  the  year  84  Adams  projects, 
or  about  20  per  cent  of  the  total,  were 
completed  or  revised,  indicating  that 
the  average  life  of  an  Adams  project 
is  five  years.  This  does  not  necessa¬ 
rily  mean  that  the  average  Adams 
project  is  completed  in  this  time,  but 
rather  that  the  problems  in  mind  when 
a  project  is  initiated  become  modified 
sufficiently  in  a  5-year  period,  through 
the  findings  in  the  project  itself  and 
the  advance  made  by  others  in  the 
same  field,  to  warrant  restatement. 
Such  revision  of  the  older  projects  has 
been  encouraged  by  the  office.  It  is 
thought  that  this  not  only  furnishes  a 
more  accurate  record  of  work  under 
way  but  enables  the  investigator  to 
adjust  his  work  more  effectively  to 
the  general  advance  in  his  field  of  re¬ 
search.  It  also  tends  to  bring  out  how 
his  endeavors  are  fitting  in  with  the 
problems  in  his  field  and  the  specific 
phase  on  which  he  is  attempting  to 
make  his  contribution. 

Adams  projects  embrace  practically 
all  the  subdivisions  of  agricultural  re¬ 
search  with  the  exception  of  agricul¬ 
tural  economics  and  sociology,  but  as 
is  quite  well  understood,  have  been 
restricted  to  research  of  a  fundamental 


nature.  The  classification  of  Adams 
projects  by  subjects  showed  that  there 
were  83  in  plant  diseases,  61  in  soils 
and  fertilizers,  57  in  genetics,  52  in  en¬ 
tomology,  41  in  horticulture,  38  in 
animal  production,  37  in  veterinary 
medicine,  and  smaller  numbers  in  other 
subjects.  The  estimated  allotments  of 
the  Adams  funds  to  the  projects  in 
different  subjects  on  which  major  em¬ 
phasis  was  placed  were  approximately 
$109,000  for  soils  and  fertilizers,  $93,- 
000  for  plant  diseases,  $90,000  for  ani¬ 
mal  production,  $79,000  for  genetics, 
and  $69,000  for  veterinary  medicine. 

The  States  reporting  the  amounts  of 
supplementary  support  for  Adams 
projects  indicated  that  the  Adams 
fund  was  more  than  equalled  by  State 
funds  in  projects  in  plant  pathology. 
The  supplementary  support  furnished 
from  State  funds  to  Adams  projects 
in  other  subjects  was  relatively  less. 

PURNELL  PROJECTS 

The  $2,400,000  provided  by  the  Pur¬ 
nell  Act,  supplemented  by  funds  from 
other  sources — amounting  to  about 
$600,000 — supported  1,186  projects 
during  the  year. 

The  number  of  projects  per  station 
varied  widely.  One  station  had  7 
projects,  and  another  9,  whereas  sev¬ 
eral  of  the  stations  had  as  many  as  40 
active  projects.  Of  the  total  number, 
281  were  new  projects,  and  169  were 
completed  during  the  year.  It  was 
found  desirable  to  restate  47  of  the 
projects  either  because  progress  in  the 
studies  seemed  to  require  modifica¬ 
tions  in  the  procedure,  or  because  the 
adequacy  of  the  original  plans  was 
questioned. 

The  appropriation  of  $20,000  to  each 
State  when  the  Purnell  Act  was  passed 
in  1925,  with  the  subsequent  increases 
of  $10,000  a  year,  involved  in  some 
cases  a  considerable  expansion  in  the 
activities  of  the  experiment  stations. 
Consequently,  a  number  of  prelimi¬ 
nary  undertakings  were  set  up  to 
develop  particular  types  of  investiga¬ 
tions  in  new  fields,  which  might  war¬ 
rant  more  intensive  study.  The  169 
projects  completed  during  the  past 
year  indicated  that  this  plan  was  be¬ 
ing  followed.  Many  of  the  prelimi¬ 
nary  studies  have  been  replaced  by 
more  fundamental  and  Intensive  re¬ 
search,  based  on  sounder  and  more 
adequate  methods  dealing  with  im¬ 
portant  problems  discovered  in  pre¬ 
liminary  surveys.  A  number  remained 
which  were  designed  to  contribute 
immediate  information  on  problems  of 
practical  interest  although  these  may 
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be  expected  to  develop  into  projects 
of  a  more  definite  research  character 
when  the  preliminary  findings  warrant 
revision  along  more  scientific  lines. 

The  Purnell  fund  is  being  used  to 
support  studies  ,in  a  wide  range  of 
subjects  related  to  agriculture.  In 
addition  to  the  other  fields  of  agricul¬ 
ture  mentioned  in  the  Hatch  and 
Adams  Acts,  the  Purnell  Act  specified 
agricultural  economics,  rural  sociol¬ 
ogy,  and  home  economics.  Conse¬ 
quently  projects  in  these  fields  have 
received  particular  attention.  Be¬ 
cause  of  the  relatively  recent  develop¬ 
ment  of  investigations  in  these  sub¬ 
jects  many  of  the  projects  have  been 
of  a  pioneer  nature.  However,  prog¬ 
ress  is  being  made  in  developing 
methods  of  research  comparable  with 
those  employed  in  the  older  lines  of 
investigation. 

Of  the  319  projects  active  in  agricul¬ 
tural  economics  during  the  year,  73 
were  completed  and  78  were  new  un¬ 
dertakings.  The  total  support  from 
the  Purnell  fund  from  all  stations  for 
agricultural  economics  projects  was 
approximately  $705,000,  with  supple¬ 
mentary  support  of  $75,000,  reported 
by  30  States.  There  were  131  active 
projects  in  home  economics,  27  of 
which  were  new  undertakings  and  27 
were  completed.  The  total  allotment 
of  funds  for  these  studies  was  $264,000, 
with  supplementary  support  from 
other  funds  of  $25,000  for  the  States 
reporting.  In  rural  sociology  there 
were  39  active  projects,  12  of  which 
were  completed  and  8  new  undertak¬ 
ings.  The  total  allotment  from  the 
Purnell  fund  for  rural  sociological  in¬ 
vestigations  was  $69,000,  with  supple¬ 
mentary  support  of  $7,500. 

The  number  of  projects  in  other  sub¬ 
jects  to  which  considerable  portions  of 
the  Purnell  fund  were  allotted  were  as 
follows :  Animal  production  132 ;  hor¬ 
ticulture  97;  plant  diseases  73;  field 
crops  71 ;  entomology  and  zoology  69 ; 
animal  diseases  53;  soils  and  ferti¬ 
lizers  51 ;  and  agricultural  engineering 
51.  There  were  fewer  projects  in  the 
other  fields.  The  support  from  other 
funds,  in  addition  to  that  supplied 
from  the  Purnell  Act,  amounted  to  a 
little  more  than  10  per  cent  for  agri¬ 
cultural  economics,  rural  sociology, 
and  home  economics,  while  some  of 
the  other  fields  had  considerably  more, 
e.  g.,  entomology  and  zoology  22  per 
cent,  animal  production  23  per  cent, 
and  genetics  40  per  cent. 

Geoege  Haines. 


COOPERATION 

Cooperation  between  the  experiment 
stations  themselves  and  between  the 
stations  and  the  Department  of  Agri¬ 
culture  made  substantial  progress  dur¬ 
ing  the  year.  The  record  at  the  end 
of  the  year  showed  nearly  1,100  active 
cooperative  projects.  The  number  of 
projects  recorded  the  previous  year 
was  about  900,  a  net  increase  of  about 
200,  or  about  22  per  cent. 

These  cooperative  projects  were  dis¬ 
tributed  quite  widely  among  the  va¬ 
rious  branches  of  agricultural  re¬ 
search — 322  in  plant  improvement, 
plant  genetics,  cereal,  forage,  and 
other  field  crops,  pastures  and  ranges, 
horticulture,  pomology,  and  plant  dis¬ 
eases ;  299  in  agricultural  economics 
and  rural  sociology ;  121  in  animal 
production,  animal  pathology,  and  ani¬ 
mal  genetics;  115  in  soils,  soil  surveys, 
soil  fertility,  fertilizers,  and  chemis¬ 
try  ;  90  in  entomology  and  zoology ;  52 
in  agricultural  engineering ;  47  in 

dairy  husbandry ;  26  in  forestry ;  11 
in  human  foods,  nutrition,  and  home 
management  and  equipment ;  and  3  in 
meteorology. 

All  of  the  States  were  represented 
in  these  cooperative  enterprises,  the 
stations  in  California,  North  Carolina, 
Washington,  Minnesota,  Montana,  and 
Wisconsin  leading,  with  49,  47,  43,  40, 
39,  and  36  projects,  respectively.  While 
the  maximum  numbers  for  individual 
States  showed  little  increase  over  the 
previous  year,  the  distribution  among 
the  States  was  more  general,  reflect¬ 
ing  the  extended  scope  of  this  joint 
action  during  the  year. 

The  record  also  indicates  that  about 
20  major  regional  projects  were  in 
operation  during  the  year  which  in¬ 
volved  the  cooperation  of  groups  of 
States  varying  in  number  from  3  to  34 
and  usually  including  from  one  to 
three  bureaus  of  the  Department  of 
Agriculture.  Of  those  involving  de¬ 
partment  cooperation,  the  work  on 
quality  of  meat,  oil  sprays,  spray  resi¬ 
dues,  cereal  and  forage  crop  insects,  and 
the  growth  of  wool  were  especially 
characterized  by  completeness  of  organ¬ 
ization  and  effectiveness  of  operation. 

Of  the  1,100  cooperative  projects 
136,  or  12.5  per  cent,  involved  support 
from  the  Purnell  fund.  Of  these,  85 
were  in  agricultural  economics  and 
rural  sociology;  19  in  animal  produc¬ 
tion,  animal  pathology,  and  animal  ge¬ 
netics,  13  in  plant  industry,  3  in  en¬ 
tomology,  4  in  agricultural  engineer¬ 
ing,  1  in  soils,  2  in  dairy  industry,  and 
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0  in  home  economics.  The  use  of  the 
Adams  funds  to  support  cooperative 
projects  was  considerably  more  re¬ 
stricted,  there  being  only  16  such  proj¬ 
ects  receiving  support  from  that 
source.  Of  these,  10  dealt  with  fea¬ 
tures  of  plant  industry,  2  with  ani¬ 
mal  industry,  3  with  agricultural  en¬ 
gineering,  and  1  with  chemistry. 
Evidently  a  large  proportion  of  the  co¬ 
operative  projects  were  supported  by 
State  funds, 

A  very  large  proportion  of  the  coop¬ 
erative  projects  included  collaboration 
with  the  Department  of  Agriculture. 
In  fact,  the  formal  cooperation  under 
agreements  which  define  the  terms  of 
participation  of  the  cooperating  parties 
has  been  largely  between  the  experi¬ 
ment  stations  and  the  department. 
Such  terms  of  agreement  or  under¬ 
standing  are  recognized  as  desirable 
by  both  agencies.  It  appears  that  pro¬ 
posals  for  cooperating  on  such  a  basis 
originate  most  frequently  in  the  bu¬ 
reaus  of  the  Department  of  Agricul¬ 
ture,  although  such  suggestions  not 
infrequently  are  initiated  by  the  sta¬ 
tions  themselves. 

In  addition  to  formal  cooperation, 
there  is  a  type  of  correlated  research 
growing  out  of  group  meetings  or  con¬ 
ferences  of  workers  in  a  limited,  com¬ 
mon  field.  Despite  the  informality  of 
such  cooperation,  usually  there  has 
been  nominal  or  accepted  leadership 
to  give  it  purpose  and  direction.  In 
the  less  advanced  fields  the  effort  has 
been  largely  to  initiate  more  definite 
studies  of  problems  and  to  organize 
the  inquiries  along  specific  lines. 

When  the  Purnell  fund  became 
available  in  1925,  the  joint  committee 
on  projects  and  correlation  of  research, 
representing  the  Association  of  Land- 
Grant  Colleges  and  Universities  and 
the  Department  of  Agriculture,  set  up 
certain  projects  of  national  scope  as  a 
basis  for  broader  and  more  effective 
correlation  of  research.  The  depart¬ 
ment  has  maintained  close  relations 
with  the  committee  and  has  kept  the 
chairmen  of  the  various  subcommittees 
dealing  with  the  individual  projects 
informed  of  new  projects  undertaken 
by  the  stations  to  assist  them  in  the 
organization  of  their  subjects.  In  a 
recent  report,  however,  the  committee 
states^  that  cooperation  in  these  proj¬ 
ects — 


^Mumford,  P.  B.,  Merrill,  E.  D.,  Woods, 
A.  F.,  Taylor,  W.  A.,  Allen,  E.  W.,  and 
Cooper,  T.  report  op  the  committee  on 
PROJECTS  AND  CORRELATION  OF  RESEARCH, 
1929.  Assoc.  Land-Grant  Col.  and  Univ. 
Proc.  Ann.  Conv.  43 :  203.  1930. 


has  not  made  notable  headway  in  most 
lines.  .  .  .  Such  an  organization  of  the 
projects  as  would  insure  their  being  cov¬ 
ered  systematically  and  recognized  respon¬ 
sibility  for  integral  parts  has  rarely  been 
effected.  Consciousness  of  membership  in 
a  common  cause  has  not  been  a  conspicu¬ 
ous  product  of  operations  under  the  na¬ 
tional  projects. 

The  committee  therefore  recognizes  the 
need  of  more  effective  means  of  bring¬ 
ing  about  correlation. 

The  general  trend  toward  coopera¬ 
tion  in  research  strengthens  the  belief 
that  the  broader  relationships  should 
receive  full  consideration  in  planning 
station  programs  and  especially  in  in¬ 
augurating  new  projects  or  lines  of  in¬ 
vestigation,  with  a  view  to  more  effec¬ 
tive  correlation  of  effort. 

INSULAR  EXPERIMENT  STATIONS 

In  accordance  with  the  policy  of 
Congress,  agricultural  experiment  sta¬ 
tions  are  maintained  by  the  United 
States  Department  of  Agriculture'  in 
Alaska,  Hawaii,  Porto  Rico,  Guam, 
and  the  Virgin  Islands.  These  sta¬ 
tions  are  under  the  administrative 
supervision  of  the  division  of  insular 
stations,  Oflice  of  Experiment  Stations. 

The  stations  receive  their  entire 
support  from  appropriations  made  by 
Congress,  and  their  respective  in¬ 
comes  for  the  fiscal  year  ended  June 
30,  1929,  were  as  follows:  Alaska, 
$85,000;  Hawaii,  $54,940;  Porto  Rico, 
$56,640;  Guam,  $25,000  ;  and  Virgin 
Islands,  $25,000.  The  proceeds  from 
the  sale  of  products,  which  were  de¬ 
posited  in  the  Treasury  as  miscellane¬ 
ous  receipts  and  were  not  available 
for  station  maintenance,  amounted  to 
$5,009.59. 

The  policies  of  the  stations  have  not 
been  changed  materially.  The  investi¬ 
gations  are  concerned  principally  with 
the  possibilities  of  diversifying  the 
existing  agriculture  or  developing 
types  of  agriculture  that  are  adapted 
to  the  different  regions. 

ALASKA  STATIONS 

On  account  of  the  extent  of  the 
Territory  and  the  wide  differences  in 
climate  and  topography,  stations  are 
maintained  at  Sitka,  Fairbanks,  Mata- 
nuska,  and  on  the  island  of  Kodiak. 

At  the  Sitka  station,  which  is 
located  in  southeastern  Alaska,  a 
timbered  region  of  rugged  topography, 
and  heavy  rainfall  but  not  severely 
cold  winters,  the  work  is  mainly  with 
vegetables  and  small  fruits.  On 
account  of  climatic  conditions  and  the 
absence  of  extensive  areas  of  land  that 
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can  profitably  be  brought  under  culti¬ 
vation,  this  region  is  preeminently 
fitted  to  truck  growing  and  the  family 
garden. 

The  station,  from  the  time  of  its 
establishment,  has  devoted  its  activi¬ 
ties  to  testing  fruits  and  vegetables  to 
determine  their  adaptability,  and  it 
has  carried  on  plant-breeding  experi¬ 
ments  by  which,  through  selection  and 
crossing,  have  been  developed  varieties 
that  are  superior  in  a  number  of  ways 
to  varieties  of  the  same  crops  that 
were  introduced  from  regions  having 
widely  dissimilar  conditions.  The 
work  in  producing  hybrid  strawberries 
that  are  hardy  in  most  regions  of 
Alaska  where  they  have  been  tested 
and  that  with  seedling  potatoes  are 
outstanding  in  results.  Methods  of 
growing  many  kinds  of  vegetables  have 
been  developed,  and  the  presence  of 
gardens  in  almost  every  town  and 
village  attests  the  value  of  the  sta¬ 
tion’s  work. 

At  the  Fairbanks  station  the  prin¬ 
cipal  lines  of  work  are  concerned  with 
cereals,  forage  plants,  and  livestock. 
Ability  to  mature  crops  within  an 
average  frost-free  period  of  about  95 
days  is  the  main  problem  in  agronomy. 
Plant-breeding  experiments  have  re¬ 
sulted  in  the  production  of  varieties 
of  wheat,  barley,  and  oats  that  grow 
and  ripen  within  this  period,  and  their 
yields  over  several  years  have  been 
considerably  in  excess  of  the  general 
average  for  these  crops  in  the  United 
States. 

At  this  station  an  experiment  has 
been  in  progress  for  several  years  in 
crossing  the  Asiatic  yak  with  'Gallo¬ 
way  cows  in  order  to  produce  a  hardy 
beef  animal  for  the  interior  of  Alaska. 
Progress  on  this  project  has  been  very 
slow  by  reason  of  the  limited  number 
of  animals,  but  some  Fi  and  F2  gen¬ 
eration  crosses  have  been  under  ob¬ 
servation  for  some  time  and  their 
ability  to  withstand  the  winter’s  cold 
with  a  very  limited  quantity  of  feed 
is  undoubted.  One  of  the  cows,  dur¬ 
ing  a  relatively  short  lactation  period, 
gave  a  fair  quantity  of  milk  that  tested 
over  6  per  cent  butterfat.  The  only 
male  of  the  cross  that  was  old  enough 
for  breeding  purposes  proved  to  ba 
sterile.  This  confirmed  observations, 
said  to  have  been  made  in  Germany,  that 
first-generation  males  of  yak-cattle 
crosses  are  sterile.  All  the  females 
produced  thus  far  have  been  fertile. 

The  work  at  the  Matanuska  station, 
which  is  located  about  320  miles  south 
of  Fairbanks,  is  mainly  experiments 


in  general  crop  production  and  in 
dairying.  At  this  station  the  average 
frost-free  period  is  about  115  days, 
and  some  varieties  of  grain  have 
ripened  that  did  not  mature  at  Fair¬ 
banks.  Plant-breeding  experiments 
have  resulted  in  the  production  of 
varieties  of  wheat,  oats,  and  barley, 
many  forage  plants,  and  root  crops 
that  can  be  depended  on  to  yield  good 
returns  in  the  average  season. 

The  work  in  dairying  consists 
mainly  in  establishing  a  new  type  of 
dairy  cow  that  will  be  hardier  and  a 
better  rustler  than  the  common  dairy 
breeds.  Crosses  have  been  made  be¬ 
tween  the  Galloway  and  Holstein 
breeds,  and  the  Fi  and  F2  generations 
are  being  compared  with  purebred 
animals  of  each  breed.  One  Fi  cow 
gave  12,010  iwunds  of  milk  in  her 
fourth  lactation  period,  and  three  F2 
cows  each  gave  8,000  pounds  during 
the  first  lactation.  Genetic  data  are 
on  hand  for  each  animal,  and  the 
dominance  of  Galloway  characters  of 
color  and  absence  of  horns  is  clearly 
indicated.  All  of  the  crossbred  ani¬ 
mals  are  as  hardy  as  the  Galloways 
and  exceed  them  in  milk  yield. 

The  work  on  Kodiak  Island  is  car¬ 
ried  on  at  Kalsin  Bay,  some  15  miles 
from  the  village.  The  principal  ex¬ 
periment  consists  of  the  maintenance 
under  range  conditions  of  a  small 
purebred  herd  of  Galloway  cattle  to 
determine  their  winter  management. 
This  region  is  representative  of  a  vast 
treeless  area  in  southwestern  Alaska 
where  summer  pasturage  is  abundant, 
but  by  reason  of  much  rain  and  many 
cloudy  days  haymaking  is  very  un¬ 
certain.  A  solution  of  the  wintering 
problems  for  livestock  w,ill  mean  much 
for  this  region. 

Congress,  by  an  act  approved  Feb¬ 
ruary  23,  1929,  extended  the  Hatch 
Act  to  Alaska  with  the  proviso  that 
no  appropriations  should  be  made  un¬ 
der  this  act  until  the  Secretary  of 
Agriculture  should  determine  the  abil¬ 
ity  of  the  Territory  to  make  effective 
use  of  the  funds.  The  Secretary  of 
Agriculture  proposed  certain  condi¬ 
tions  relating  to  buildings  and  per¬ 
sonnel  as  preliminary  to  the  extension 
of  the  Hatch  funds  to  the  Territory, 
and  a  bill  was  introduced  in  the  Terri¬ 
torial  Legislature  to  provide  for  them, 
but  it  failed  of  passage.  When  the 
conditions  are  met,  it  is  probable  that 
the  Fairbanks  station  will  be  turned 
over  to  the  Agricultural  College  and 
School  of  Mines  located  near  Fair¬ 
banks. 
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HAWAII  STATION 

The  extension  work  in  agriculture, 
which  was  inaugurated  by  the  experi¬ 
ment  station  in  1915  and  has  been  car¬ 
ried  on  for  14  years,  was  turned  over 
to  the  University  of  Hawaii  Extension 
Service  during  the  year.  The  exten¬ 
sion  of  the  Smith-Lever  Act  to  Hawaii 
in  1928  made  this  possible,  and  it  will 
enable  the  station  to  confine  its  efforts 
to  research  work  directed  toward  the 
development  of  agricultural  produc¬ 
tion  that  may  supplement  the  sugar 
and  pineapple  industries,  which  now 
constitute  the  main  agricultural  activi¬ 
ties  of  the  islands.  During  the  time 
that  the  station  was  engaged  in  agri¬ 
cultural  extension  activities,  the  basis 
was  established  for  work  with  home¬ 
steaders  and  other  small  farmers.  The 
personnel  of  the  station  that  was  en¬ 
gaged  in  extension  activities  was  trans¬ 
ferred  to  the  university  during  the 
year,  and  the  work  was  continued  and 
considerably  extended. 

By  the  act  of  May  16,  1928,  the 
Hatch  and  supplementary  acts,  which 
give  aid  to  agricultural  investigations, 
were  extended  to  Hawaii,  witli  some 
limitations.  This  act  became  effective 
July  1,  1929,  and  under  .its  provisions 
a  close  coordination  of  the  work  of 
the  Federal  station  and  that  to  be 
carried  on  by  the  University  of  Hawaii 
was  provided  for.  By  agreement  be¬ 
tween  the  Secretary  of  Agriculture  and 
the  president  of  the  university,  the 
two  institutions  have  been  integrated 
into  one  under  the  d,irector  of  the 
Federal  station,  and  the  institution  is 
to  be  known  as  the  Hawaii  Agricul¬ 
tural  Experiment  Station.  The  joint 
institution  will  be  supported  by  ap¬ 
propriations  made  to  this  department 
for  continuing  research  in  tropical 
agriculture,  funds  granted  to  the  Ter¬ 
ritory  under  the  above  act,  and  ap¬ 
propriations  made  by  the  Legislature. 
The  new  institution  has  started  off 
very  auspiciously,  and  with  the  local 
support  that  is  now  assured,  progress 
should  be  made  on  problems  of  .inter¬ 
est  not  only  to  Hawaii  but  to  other 
tropical  countries. 

The  research  of  the  station  was 
actively  pursued  during  the  year. 
Studies  were  made  of  methods  for  the 
propagation  of  numerous  tropical  hor¬ 
ticultural  plants,  with  a  view  to  es¬ 
tablishing  improved  varieties  and 
strains,  and  considerable  progress  was 
made  with  a  number  of  plants  that 
had  not  responded  to  the  usual  meth¬ 
ods  of  budding  and  grafting.  Through 
the  investigations  of  the  station  of  the 


Macadamia  nut  as  a  minor  crop,  a 
number  of  large  commercial  plantings 
have  been  made.  A  successful  method 
based  on  the  specific  gravity  of  tlie 
nuts  was  worked  out  for  determining 
their  maturity.  Interest  has  been 
aroused  in  the  native  species  of  rasp¬ 
berry,  which  furnish  a  very  large 
fruit,  and  experiments  are  in  progress 
on  crossing  them  with  domesticated 
raspberries,  and  on  methods  of  prop¬ 
agation  and  cultivation. 

Considerable  additional  data  were 
secured  as  to  areas  adapted  to  the 
growing  of  the  edible  canna  for  the 
commercial  production  of  starch  and 
on  the  peculiar  constitution  of  the 
starch  and  its  possible  uses.  The 
starch  studies  have  brought  out  some 
interesting  facts  as  to  the  colloidal 
behavior  of  the  starch  solution,  and 
the  viscosity  and  swelling  power  of 
starches.  A  number  of  extensive 
areas  that  appear  to  be  well  suited 
to  the  growing  of  edible  canna  have 
been  found  and  studied,  not  only  from 
the  standpoint  of  soils  and  climate, 
but  also  in  reference  to  their  location 
in  respect  to  manufacturing,  develop¬ 
ment,  and  convenience  to  markets. 
Attention  was  given  to  studies  of  the 
coffee  soils  of  the  Kona  district  on 
the  island  of  Hawaii,  and  some  strik¬ 
ing  differences  were  found  that  may 
be  of  importance  in  the  extension  of 
the  coffee  industry.  Data  on  chemical 
and  physical  characters  of  Hawaii 
soils  were  accumulated  as  a  basis  for 
their  proper  classification  and  uses. 

The  work  of  the  substation  on  the 
island  of  Maui  is  assuming  impor¬ 
tance.  As  a  result  of  its  investiga¬ 
tions,  pineapple  planting  has  been  ex¬ 
tended  more  than  500  feet  in  elevation 
beyond  what  was  formerly  thought  to 
be  the  limit.  This  makes  available 
a  considerable  area  on  the  slope  of 
Haleakala  Mountain  for  the  extension 
of  pineapple  plantings. 

PORTO  RICO  STATION 

The  hurricane  of  September,  1928 
which  devastated  the  island,  wrought 
severe  damage  to  the  station  and  its 
work.  Some  of  the  buildings  were 
destroyed  and  others  badly  damaged. 
The  plantings  for  some  of  the  long¬ 
time  experiments  were  so  injured  as 
to  require  their  renewal  and  the 
resumption  of  the  experiments  under 
modified  plans.  The  station  fortu¬ 
nately  was  in  possession  of  much  in¬ 
formation  relating  to  the  behavior  of 
various  leading  crops,  and  it  took  an 
important  part  in  the  work  of  restor- 
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ing  the  agricultural  industries  of  the 
island.  This  was  especially  the  case 
with  the  coffee,  citrus  fruit,  and  pine¬ 
apple  industries,  and  their  restoration 
to  normal  production  seemed  possible 
in  a  much  shorter  time  than  was 
required  following  a  previous  hurri- 
eane. 

In  spite  of  the  losses  and  interrup¬ 
tions  due  to  the  hurricane,  the  sta¬ 
tion  at  Mayaguez  made  considerable 
progress  with  its  investigations.  The 
orchard  plantings  of  the  station  were 
so  damaged  that  several  years  must 
elapse  before  they  are  in  normal  bear¬ 
ing.  In  the  meantime  attention  was 
turned  to  crops  that  are  produced 
within  a  comparatively  short  time. 
Many  of  these  are  among  the  leading 
food  crops  on  the  island,  and  impor¬ 
tant  data  were  added  to  information 
already  on  hand  as  to  varieties  and 
planting  material.  All  of  this  infor¬ 
mation  was  available  to  planters  and 
others,  and  contributed  very  mate¬ 
rially  to  the  immediate  support  of  the 
people. 

The  plant-breeding  projects  have 
yielded  valuable  results,  not  only  in 
the  scientific  data  obtained  but  in  the 
establishment  of  new  and  valuable  va¬ 
rieties.  The  sweet  corn  variety  de¬ 
veloped  by  the  station  was  given  ex¬ 
tensive  field  tests  in  several  localities 
on  the  island.  The  sugarcane  breed¬ 
ing  experiments  were  continued,  and 
approximately  2,500  new  seedlings 
from  crosses  of  known  parentage  were 
grown  during  the  year.  A  number  of 
seedlings  from  controlled  crosses  have 
been  tested  during  several  years,  and 
some  of  them  have  been  found  to  be 
practically  immune  to  mosaic,  and  at 
the  same  time  to  possess  good  agro¬ 
nomic  characters. 

The  studies  of  animal  parasites 
have  yielded  valuable  information  on 
the  occurrence  of  species,  their  abun¬ 
dance  and  distribution,  and  life  his¬ 
tories.  Especial  efforts  are  being 
made  to  find  the  intermediate  hosts 
of  some  of  these  parasites  as  a  pos¬ 
sible  factor  in  the  development  of  con¬ 
trol  measures. 

The  work  on  problems  connected 
with  the  citrus  and  pineapple  indus¬ 
tries  is  carried  on  mainly  at  the  San 
Juan  laboratory.  Some  of  the  inves¬ 
tigations  connected  with  the  fruits 
were  interrupted  through  the  damage 
done  by  the  hurricane.  Many  trees 
were  blown  over  or  broken,  and  prac¬ 
tically  all  fruit  was  stripped  from 
them.  The  station  rendered  great 
service  to  growers  through  suggestions 


as  to  raising,  staking,  and  pruning 
the  trees  and  fertilizing  them  to  pro¬ 
mote  rapid  growth.  Immediately  fol¬ 
lowing  the  storm  a  survey  was  made 
of  the  losses  sustained  by  the  citrus 
and  pineapple  industries,  and  the  data 
were  made  available  to  the  Porto  Rico 
Hurricane  Relief  Commission.  For 
several  years  there  have  been  in  prog¬ 
ress  studies  of  various  factors  con¬ 
cerned  in  the  production,  handling, 
and  shipment  of  fruit,  and  through 
the  efforts  of  the  station  a  credit  asso¬ 
ciation  and  a  central  committee  which 
represents  all  of  the  fruit  growers 
were  formed. 

GUAM  STATION 

The  Guam  station  continued  to  co¬ 
operate  with  the  insular  government 
and  the  schools  in  various  enterprises 
for  the  improvement  of  the  agricul¬ 
ture  of  the  island.  Since  there  are  no 
private  nurseries  or  other  local  sources 
from  which  planting  material  of  im¬ 
proved  varieties  can  be  obtained,  con¬ 
siderable  attention  was  given  to  the 
production  of  the  material  for  distri¬ 
bution  to  farmers  and  others.  The 
station  continued  to  supervise  experi¬ 
ments  on  the  island  government  farm, 
especially  with  forage  plants  grown  to 
provide  forage  for  the  livestock  be¬ 
longing  to  the  island  government. 

The  station  assisted  materially  in 
the  establishment  of  a  new  industry 
on  the  island.  As  a  result  of  previous 
experiments  at  the  station  in  growing 
pineapples,  a  local  organization  has 
undertaken  plantings  for  canning  pur¬ 
poses,  and  more  than  150,000  plants 
were  set  out  during  the  year.  Should 
this  venture  prove'  a  success,  another 
agricultural  industry  will  be  added  to 
the  limited  number  now  on  the  island. 
The  plants  were  obtained  from  Hawaii 
through  the  cooperation  of  the  Guam 
and  Hawaii  stations. 

The  experiments  in  the  improve¬ 
ment  of  the  livestock  of  Guam  by  the 
use  of  improved  sires  are  being  con¬ 
tinued.^  Coupled  with  livestock  im¬ 
provement  is  the  question  of  better 
pastures  and  more  economical  feeds. 
Adaptation  tests  of  a  large  number  of 
introduced  grasses  and  leguminous 
forage  plants  have  shown  a  number  of 
species  to  be  well  adapted  to  Guam 
conditions  and  far  superior  to  the 
local  species.  Palatability  tests  of  a 
number  of  the  most  promising  forage 
plants  have  been  made  by  grazing 
calves  on  the  plats,  and  while  differ¬ 
ences  were  observed  in  the  preference 
for  certain  species  of  grasses,  all  were 
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grazed  much  more  readily  than  were 
the  native  grasses. 

It  had  been  noticed  that  cattle 
grazed  on  native  pastures  on  savan¬ 
nah  or  red  clay  uplands  frequently 
exhibited  depraved  appetites  which 
were  accompanied  with  some  rather 
definite  symptoms  of  disease.  Feed¬ 
ing  experiments  with  bone  meal  re¬ 
sulted  in  the  improved  appearance  of 
affected  animals,  suggesting  that  there 
is  a  lack  of  phosphorus  and  lime  in 
the  herbage  of  savannah  pastures. 

Continued  feeding  experiments  with 
cattle,  pigs,  and  chickens  have  shown 
that  rations  composed  of  locally  pro¬ 
duced  materials  are  nearly  as  efficient 
as  those  made  up  of  imported  feeds. 
It  was  found  that  coconut  meal  could 
be  safely  and  profitably  substituted 
for  from  one-third  to  one-half  of  the 
concentrate  fed.  This  meal,  an  im¬ 
portant  by-product  of  the  production 
of  coconut  oil,  is  cheap  and  fairly 
abundant. 

The  coconut-scale  situation  contin¬ 
ued  to  be  satisfactory.  Apparently  a 
biological  balance  has  been  estab¬ 
lished  between  the  scale  and  its  active 
enemies,  chief  of  which  is  the  small 
ladybird  beetle,  Cryptogonus  orhiculus 
nigripennis.  The  reappearance  of  the 
ladybird  beetle,  Novlus  cardinalis,  .in 
the  station  orchards  is  reported.  This 
parasite  of  the  cottony-cushion  scale 
of  citrus  and  other  plants  was  intro¬ 
duced  by  the  station  several  years  ago, 
but  after  liberation  it  seemed  to  dis¬ 
appear.  Its  reappearance  suggested 
that  conditions  are  favorable  for  .its 
growth  and  distribution. 

Considerable  attention  has  been 
given  to  the  study  of  internal  para¬ 
sites  of  poultry  and  other  animals. 
Successful  results  have  been  secured 
in  preliminary  experiments  with  va¬ 
rious  anthelmintics,  and  they  are  be¬ 
ing  tested,  on  larger  scale  operations. 
A  number  of  locally  reputed  remedies 
were  found  to  be  of  little  or  no  value, 

VIRGIN  ISLANDS  STATION 

During  the  year  a  situation  a*rose  in 
the  Virgin  Islands  that  necessitated 
the  appointment  of  a  veterinarian  and 
an  animal  husbandryman  at  the  sta¬ 
tion.  For  a  number  of  years  the  ship¬ 
ment  of  cattle  to  Porto  Rico  for 
slaughtering  was  permitted,  and  a  con¬ 
siderable  industry  was  built  up.  It 
was  found  later  that  the  legislation 
permitting  this  practice  had  been  re¬ 
pealed  by  Congress  and  the  quaran¬ 
tine  regulations  regarding  the  move¬ 
ment  of  livestock  would  have  to  be 


enforced.  Both  the  Virgin  Islands  and 
Porto  Rico  are  tick  infested,  but  under 
the  regulations  -  shipments  can  be  per¬ 
mitted  only  after  dipping  and  certifi¬ 
cation  that  cattle  are  free  from  ticks. 
Since  there  was  no  competent  veteri¬ 
narian  in  the  Virgin  Islands  to  attend 
to  this  matter,  the  station  added  such 
a  member  to  its  staff.  He  supervises 
dipping  operations,  inspects  the  cattle, 
and  certifies  to  their  freedom  from 
ticks.  In  addition,  he  has  begun  a 
study  of  other  diseases  of  animals,  and 
has  undertaken  investigations  looking 
toward  the  improvement  of  livestock 
in  general. 

The  work  on  some  of  the  lines  of 
station  investigation  was  interrupted 
by  the  hurricane  of  September,  1928. 
Much  damage  was  done  to  the  build¬ 
ings  and  to  the  permanent  plantings 
as  well  as  to  some  that  had  been  made 
shortly  before  the  storm.  This  condi¬ 
tion  seriously  affected  the  experiments 
on  growing  vegetables  for  shipment  to 
New  York  during  the  winter,  as  poor 
stands  were  secured  in  many  cases. 

The  experiment  in  the  production  of 
new  varieties  of  sweetpotatoes  by 
growing  seedlings  has  progressed  very 
well.  Prom  three  to  six  years’  tests 
of  a  number  of  the  seedlings  were  re¬ 
ported.  When  they  were  grown  in 
comparison  with  a  standard  local  va¬ 
riety,  increased  yields  of  from  1.8  to 
4G  per  cent  were  recorded.  One  new 
variety  was  outstanding  in  quality 
and  increased  yield. 

In  the  experiment  in  growing  vege¬ 
tables  as  a  winter  crop  for  shipment 
to  New  York,  due  to  the  poor  stands 
mentioned  above  and  the  fact  that  the 
New  York  market  was  plentifully  sup¬ 
plied  from  Cuba,  the  Bahamas,  Mex¬ 
ico,  and  Florida,  prices  were  so  low 
that  most  of  the  shipments  were  made 
at  a  loss.  While  the  primary  object 
of  this  experiment  was  the  shipment 
of  vegetables  to  New  York  in  order 
that  a  new  agricultural  industry  might 
be  developed,  it  had  a  beneficial  effect 
in  that  many  of  the  natives  have  be¬ 
gun  to  grow  vegetables  on  a  consider¬ 
able  scale  for  home  consumption  and 
thus  have  added  materially  to  their 
dietary. 

The  sugarcane-breeding  work  and 
introduction  and  testing  of  varieties 
from  other  tropical  countries  have 
been  continued  without  serious  inter¬ 
ruption.  The  station  is  continuing  its 
tests  of  seedlings  produced  in  1926, 
1927,  and  1928,  and  while  most  of  them 
have  been  eliminated  as  no  better  than 
standard  varieties,  there  are  a  few 
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that  are  outstanding  in  their  yield  of 
cane,  purity  of  juice,  and  resistance 
to  disease.  Some  of  these  are  being 
given  field  trials.  One  of  these  new 
varieties  originated  from  SC  12/4,  a 
variety  developed  by  the  station  in 
1912  and  reported  to  be  one  of  the 
best  varieties  for  growing  without  ir¬ 
rigation  in  St.  Croix,  Porto  Rico,  Cuba, 
and  elsewhere. 

On  account  of  developing  the  cattle 
industry,  attention  has  been  given  to 
the  introduction  and  testing  of  a  con¬ 
siderable  number  of  grasses  and  other 
forage  plants  to  supplant  or  supple¬ 
ment  the  common  guinea-grass  pas¬ 
tures.  Some  of  the  introductions  ap¬ 
pear  very  promising,  but  will  have  to 
be  tested  on  a  larger  scale  before 
definite  recommendations  can  be  made. 

The  cooperative  demonstration  work 
on  St.  Thomas  has  given  very  promis¬ 
ing  results.  Vegetable  growing  has 
been  adopted  by  many  as  a  result  of 
the  showing  made  in  the  experimental 
plats.  Interest  has  also'  been  aroused 
in  poultry  raising.  The  representa¬ 
tive  of  this  station  traveled  nearly 
1,500  miles  on  the  islands  of  St. 
Thomas  and  St.  John  during  the  year 
in  connection  with  his  cooperative 
undertakings. 

Walter  H.  Evans. 

RESULTS  OF  STATION  WORK 

Research  at  the  experiment  stations 
continued  to  furnish  solutions  for 
many  of  the  practical  problems  of 
agriculture.  The  following  summa¬ 
ries,  prepared  by  specialists  of  the 
Office  of  Experiment  Stations,  review 
a  few  examples  of  recent  investiga¬ 
tions  which  provide  information  of 
more  general  interest  and  application. 

SOILS  AND  FERTILIZERS 

The  year’s  work  in  general  shows 
activity  in  the  more  familiar  soil  and 
fertilizer  projects  to  have  been  intensi¬ 
fied  and  extended.  It  has  seemed  best, 
however,  that  the  review  of  this  year 
be  devoted  largely  to  the  brief  pres¬ 
entation  of  certain  of  the  more  re¬ 
cent  developments. 

Infertile  soils. — Investigation  of  the  sa¬ 
line  or  so-called  “  alkali  ”  soils  has 
been  continued  by  a  number  of  the 
stations,  and  the  gradual  reclamation 
of  such  lands  has  gone  on  in  general 
with  little  or  no  striking  modification 
of  method  or  result.  Progress  in  such 
improvement  work  has  been  shown  by 
the  California  station  and  others.  The 
Idaho  station  found  that  of  the  chem¬ 
ical  changes  observed  in  the  usual 
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treatment  of  alkali  soils,  the  conver¬ 
sion  of  carbonates  to  bicarbonates 
showed  the  most  marked  correlation 
with  improved  crop  growth.  At  the 
Nevada  station  a  study  of  the  possi¬ 
bly  related  problem  of  “  slick  spots  ” 
showed  such  soil  to  be  practically  free 
from  water-soluble  carbonate  and  bi¬ 
carbonate  and  to  contain  but  a  trace 
of  sodium  nitrate,  so  that  neither  the 
“  black  alkali  ”  nor  the  “  niter  soil  ” 
condition  could  account  for  the  slick 
spots.  It  was  concluded  that  the  slick 
spot  results  probably  from  factors  en¬ 
tirely  different  from  those  of  ordinary 
alkali  conditions. 

Two  more  or  less  closely  related 
agencies  which  have  caused  serious  de¬ 
terioration  of  farm  lands  are  the  de¬ 
posit  of  flood  silts  and  erosion. 

Experiments  on  flood  silts,  begun 
by  the  New  Hampshire  station  on 
deposits  laid  down  to  a  maximum 
depth  of  about  20  inches  by  the  Con¬ 
necticut  River  Valley  floods  of  1927, 
have  indicated  potassium  and  phos¬ 
phorus  deficiencies  as  primary  limit¬ 
ing  factors.  Organic  matter  and  nitro¬ 
gen,  also,  were  too  low  for  maximum 
yields.  Good  crops  of  alfalfa,  sweet- 
clover,  and  timothy  v/ere  made  pos¬ 
sible  either  by  manuring  at  the  rate 
of  20  tons  to  the  acre  or  by  treatment 
with  800  pounds  of  a  fertilizer  con¬ 
taining  12  per  cent  of  phosphoric  acid 
and  6  per  cent  of  potash.  The  pH 
values  of  these  flood  silts  were  found 
to  be  markedly  higher  than  those 
generally  observed  in  New  Hampshire 
soils. 

Certain  erosion  and  run-off  problems 
are  under  investigation  at  the  Texas, 
Virginia,  and  Missouri  stations.  The 
Virginia  station  found  that  applica¬ 
tions  of  phosphate  and  green  manuring 
with  cowpeas  and  with  rye,  followed 
by  liming,  the  growth  of  a  hay  crop, 
and  the  establishment  of  a  rotation 
of  corn,  wheat,  and  grass  and  clover 
made  possible  the  production  on  a 
badly  eroded  and  very  poor  hillside 
field  of  substantial  yields  of  corn, 
wheat,  and  hay.  Plant  nutrients  lost 
in  the  erosion  waters  were  found  by 
the  Missouri  station  to  include  cal¬ 
cium,  sulphur,  magnesium,  and  potas¬ 
sium  in  quantities  decreasing  in  the 
order  named.  The  nitrogen  loss  was 
relatively  small. 

Acidity  and  the  relation  of  soil  reaction  to 
plant  disease. — The  nature  of  soil  acidity 
and  its  relation  to  apparent  lime  re¬ 
quirement,  basic  nutrient  content,  the 
physical  properties  of  the  soil,  and  to 
the  ability  of  plants  to  resist  root-dis- 
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ease  organisms  have  been  subjects  of 
recent  investigation  by  certain  of  the 
stations. 

At  the  Wisconsin  station  soil  acidity 
and  the  base-exchange  capacity  of 
soils  were  found  to  be  apparently 
attributable  to  an  alumino-silicic  acid 
which  can  be  isolated  both  from  the 
mineral  bentonite  and  from  soils.  In 
the  form  of  the  free  acid  this  com¬ 
pound  was  capable  of  being  leached 
out  of  the  soil  as  a  colloidal  solution, 
and  left  the  soil,  in  some  regions  of 
much  rainfall,  acid-free  even  in  the 
absence  of  a  detectable  lime  content. 
Investigations  by  the  Michigan  sta¬ 
tion  indicated  that  organic  acids 
adsorbed  in  the  alumino-silicic  acid 
complexes  are  not  reached  by  certain 
of  the  methods  for  determining  soil 
acidity.  The  inversion  of  sugar  by 
acid  soils,  for  example,  appeared  to  be 
an  eifect  of  the  soluble  acids  only.  At 
the  Ohio  station  the  pH  value  seemed 
to  give  a  good  indication  of  the  degree 
of  saturation  with  exchangeable  bases. 

The  work  of  a  number  of  the  sta¬ 
tions  has  indicated  that  even  a  quite 
markedly  acid  condition  may  not  be 
necessarily  a  primary  limiting  factor 
in  crop  production. 

The  Oregon  station  found  the  avail¬ 
able  supply  of  essential  ions  appar¬ 
ently  more  important  to  crop  produc¬ 
tion  than  the  degree  of  acidity  or 
even  the  concentration  of  toxic  ions. 
Some  highly  acid  soils  producing  good 
crops  of  alfalfa  were  found  by  the 
Wisconsin  station  to  contain  an  aver¬ 
age  of  565  pounds  of  available  calcium 
to  the  acre,  with  27  pounds  of  soluble 
phosphorus  to  the  acre.  Soils  of  like 
acidity  but  containing  only  346  pounds 
of  calcium  and  15  pounds  of  phos¬ 
phorus  produced  poor  alfalfa  crops. 
The  Pennsylvania  station  found  that 
De  Kalb  silt  loam  surface  soil,  in 
which  only  the  exact  indicated  lime 
requirement  had  been  supplied,  gave 
the  best  root  development  of  alfalfa, 
though  the  liming  had  not  actually 
neutralized  the  acidity.  An  excess  of 
lime  appeared  detrimental  both  to  the 
root  development  and  to  the  yield  of 
the  crop.  Certain  soils  studied  by  the 
Nebraska  station  appeared  to  require 
no  lime,  regardless  of  the  pH  value, 
when  the  organic-matter  content  was 
relatively  high. 

A  definite  infiuence  of  the  reaction 
of  the  soil,  both  upon  beneficial  soil 
organisms  and  upon  certain  plant-root 
diseases,  has  been  indicated  in  recent 
investigations. 

Legume  bacteria,  for  example,  were 
observed  at  the  Wisconsin  station  to 


disappear  very  rapidly  from  strongly 
acid  soils,  whereas  in  certain  soils 
showing  little  or  no  acidity  fresh  in¬ 
oculation  gave  little  or  no  increase  in 
yield,  although  the  land  used  had  not 
been  in  peas  for  10  years. 

The  relation  of  soil  reaction  to  plant 
disease  finds  striking  illustration  in  the 
control  on  New  England  soils  of  the 
black  root  rot  of  tobacco  by  a  method 
developed  by  the  Connecticut  station, 
and  in  similar  work  of  the  Massachu¬ 
setts  station.  The  Connecticut  station 
was  able  to  show  that  soil  acidity  is 
not  a  limiting  factor  in  tobacco  pro¬ 
duction  at  pH  values  above  5,  whereas 
the  root  rot  was  not  found  where  the 
soil  pH  value  was  below  5.6.  The 
Massachusetts  station  also  found  that 
a  pH  value  of  5.6  or  lower  definitely 
inhibited  the  root  rot.  At  tempera¬ 
tures  of  15°  C.  and  above,  however,  the 
critical  pH  value  rose  slightly  with 
the  temperature. 

An  influence  of  soil  reaction  upon 
cotton  root  rot  and  upon  Fusarium 
wilt  of  cotton  was  indicated  in  the 
finding  of  the  Texas  station  that  the 
root-rot  fungus  was  most  active  at 
about  pH  7,  its  growth  in  the  labora¬ 
tory  being  inhibited,  however,  only 
when  the  pH  value  was  reduced  to  pH 
4.1  or  raised  to  8.9.  In  the  field  the 
organism  was  found  at  pH  values  of 
from  5.5  to  9.  The  Fusarium  wilt, 
on  the  other  hand,  was  most  abundant 
in  acid  soils,  although  its  growth  was 
not  always  inhibited  by  neutrality, 
and  in  two  cases  the  wilt  organism 
was  found  in  actually  alkaline  soils.  A 
pH  value  above  7.4  is  stated  by  the 
New  Jersey  stations  to  have  prevented 
the  appearance  of  the  club-root  dis¬ 
ease  of  cabbage,  a  slight  infection  ap¬ 
pearing  always  with  the  lowering  of 
the  pH  value  to  7.1,  with,  as  a  rule, 
100  per  cent  infection  at  pH  5.7  to  5.8. 

Moisture  and  related  physical  factors. — Of 
field-soil  treatments  investigated  in 
relation  to  their  effect  on  soil  moisture 
by  the  New  Jersey  stations,  the  addi¬ 
tion  of  organic  matter  increased  the 
soil  moisture  content,  whereas  liming 
decreased  it.  The  positive  effect  of 
the  organic  matter  was  about  twice 
the  negative  effect  of  the  liming, 
however. 

The  subsoil  moisture  content  was 
found  by  the  Kansas  station  to  vary 
but  slightly  below  the  fifth  foot  under 
ordinary  conditions.  From  the  soils 
studied  the  moisture  was  taken  up 
soon  after  it  had  fallen  and  before  it 
had  penetrated  to  any  great  depth. 
From  an  investigation  of  the  Califor¬ 
nia  station  was  drawn  the  conclusion 
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that  if  the  soil  is  wet  at  the  beginning 
of  the  growing  season  to  the  full 
depth  of  normal  root  penetration,  sub¬ 
sequent  rainfall  or  irrigation  can  have 
probably  but  little  influence  upon  the 
extent  of  the  development  of  the  root 
system. 

In  heavy  plains  soils  the  Oklahoma 
station  found  that  about  20  per  cent 
of  the  total  annual  rainfall  became 
subsoil  moisture.  Only  such  cultural 
conditions  as  remove  moisture  very 
rapidly,  deep  plowing  or  plant  growth, 
for  example,  appeared  to  threaten  the 
immediate  loss  of  a  body  of  stored 
moisture.  The  temperature,  under  the 
conditions  of  this  investigation,  had 
a  relatively  slight  effect  upon  the 
quantity  of  moisture  stored  or  upon 
the  rate  of  gain  of  moisture  in  the  soil, 
but  appeared  highly  signiflcant  in 
modifying  the  relationship  of  rainfall, 
wind,  and  humidity  to  the  behavior 
of  soil  moisture.  At  the  California 
station  soil  mulch  was  shown  mate¬ 
rially  to  reduce  the  evaporation  from 
a  soil  having  a  water  table  less  than 
4  feet  below  the  surface.  An  experi¬ 
ment  upon  an  alkali  soil  at  the  same 
station  indicated  8  feet  as  a  close  ap¬ 
proximation  of  the  maximum  height 
of  the  capillary  rise. 

Mineral  nutrients. — The  cost  of  trans¬ 
portation  of  inert  material  lends  an 
increasing  interest  to  fertilizer  of  rela¬ 
tively  high  total  nutrient  content  and 
to  the  no-flller  mixture.  The  Vermont 
station  has  observed  in  case  of  mixed 
fertilizers  sold  in  that  State  that 
whereas  the  mixtures  containing  14 
per  cent  or  more  of  actual  plant  food 
had  an  average  price  about  30  per  cent 
higher  than  that  of  the  mixtures  of 
lower  analysis,  the  average  content  of 
actual  plant  food  was  greater  by  about 
60  per  cent. 

A  study  of  the  computations  in¬ 
volved  in  the  proportioning  of  no-flller 
mixtures  has  been  made  by  the  Massa¬ 
chusetts  station.  An  algebraic  method 
of  calculation  was  elaborated ;  the  tri¬ 
angular  system  was  found  useful  for 
the  indication  of  ratio  possibilities  but 
inadequate  for  computing  no-flller  mix¬ 
tures  ;  and  it  was  shown  that  in  gen¬ 
eral  single-element  components  wid¬ 
ened  the  ratio  possibilities,  whereas 
double-element  components  increased 
the  no-filler  possibilities. 

Recent  station  work  on  phosphates 
has  taken  for  the  most  part  the  usual 
directions.  A  tendency  of  water-sol¬ 
uble  phosphate  to  rise  toward  the  sur¬ 
face  of  the  soil  was  noted  by  the 
Michigan  station.  This  station  also 
found  that  soils  showing  less  than  0.5 


part  per  million  of  phosphorus  in  the 
water  extract  usually  responded  to 
phosphatic  fertilizers,  whereas  soils  of 
which  the  extract  showed  3  to  4  parts 
per  million  of  phosphorus  made  little 
or  no  response.  Where  phosphatic  fer¬ 
tilizers  had  given  markedly  increased 
yields  the  soil  solution  was  found  to 
carry  1  part  per  million  of  phosphorus 
or  more.  Certain  of  the  soils  studied 
appeared  to  have  so  high  a  capacity 
for  fixing  phosphates  as  to  necessitate 
the  application  of  relatively  large  pro¬ 
portions  of  the  element. 

The  question  of  the  availability  of 
rock  phosphate  has  continued  under 
investigation  at  a  number  of  the  sta¬ 
tions.  The  Illinois  station  reported 
on  experiments  in  which  rock  phos¬ 
phate  with  gypsum  was  superior  in  its 
effect  upon  corn  to  superphosphate 
supplying  the  same  quantities  of  phos¬ 
phorus  and  of  sulphur,  although  in 
cases  of  every  other  crop  the  yields 
from  the  two  treatments  were  closely 
similar. 

The  appearance  of  the  bone-eating 
habit  in  cattle,  apparently  due  to  a 
deficiency  of  phosphorus  in  hays  and 
grains,  led  to  experiments  by  the 
Montana  station  in  which  it  was 
found  possible  to  increase  by  phos- 
phating  both  the  yield  and  phosphorus 
content,  and  in  some  instances  also 
the  protein  content  of  alfalfa  even 
on  fertile  soil. 

An  effect  of  potassium  deficiency 
was  observed  by  the  New  Hampshire 
station,  where  a  sugar,  discovered  in 
normal  radishes,  was  much  reduced 
in  quantity  when  the  potassium  con¬ 
tent  of  the  culture  solution  was  re¬ 
duced  to  one-tenth  of  the  normal  and 
practically  disappeared  when  the 
nutrient  solution,  otherwise  complete, 
contained  no  added  potassium.  To¬ 
mato  plants  showed  similar,  although 
less  marked,  differences.  Optimum 
growth  of  tomato  plants  in  a  continu¬ 
ously  flowing  culture  solution,  studied 
by  the  California  and  Maryland  sta¬ 
tions  cooperating,  was  maintained  at  a 
potassium  concentration  in  the  solu¬ 
tion  at  the  intake  of  5  parts  per 
million,  with  a  rate  of  flow  of  8  cubic 
centimeters  per  minute  for  each  plant. 
Lower  potassium  concentrations  were 
accompanied  by  decreases  in  potassium 
absorption,  with  a  tendency  toward 
increases  in  the  absorption  of  calcium, 
magnesium,  and  phosphates  as  com¬ 
pared  with  the  controls.  Potassium 
minima  were  studied  also  at  the 
Arkansas  station,  where  no  relation 
was  found  as  between  the  total  potas¬ 
sium  requirement  of  plants  and  the 
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minimal  concentrations  permitting 
optimum  growth.  Oats,  for  example, 
with  a  relatively  low  total  potassium 
requirement,  and  cowpeas,  which  re¬ 
quire  a  relatively  large  total  quantity 
of  potassium,  both  needed  a  minimal 
concentration  in  the  medium  of  2 
parts  per  million  of  potassium. 

Sulphur,  according  to  the  results  of 
the  Oregon  station,  was  not  taken 
from  the  soil  by  commonly  grown  leg¬ 
umes,  forage  grasses,  and  grains  in  as 
large  quantities  as  phosphorus;  and, 
at  least  in  two  very  extensive  areas  of 
western  Oregon,  the  sulphur  content 
of  the  soil  was  shown  never  to  approxi¬ 
mate  the  phosphorus  content.  From 
experiments  and  calculations  of  the 
Utah  station  it  was  inferred  that  al¬ 
though  sulphur  may  become  a  limiting 
factor  in  crop  production  upon  certain 
of  the  Utah  soils,  the  time  required 
for  this  to  manifest  itself  will  vary 
with  the  soil,  the  specific  irrigation 
water  used,  and  the  crop  grown  upon 
the  soil.  The  Idaho  station  found  the 
most  practical  method  of  supplying 
sulphur  to  consist  in  the  application 
of  gypsum  in  the  fall  or  early  spring. 
Sulphur  alone,  however,  gave  as  good 
results  as  did  either  gypsum  or  sul¬ 
phur  with  lime. 

At  the  Rhode  Island  station  manga¬ 
nese  salts  have  continued  to  bring 
about  large  increases  in  certain  crops 
on  neutral  or  nearly  neutral  soils,  and 
similar  effects  of  manganese,  as  well 
as  of  copper,  zinc,  and  some  others  of 
the  less  usually  applied  elements  have 
been  found  to  be  important  by  the 
Florida  station  in  its  work  on  saw- 
grass  peat.  As  in  the  Rhode  Island 
work  on  manganese,  the  effective  quan¬ 
tities  of  zinc  and  copper  salts  were 
found  to  be  relatively  very  small. 

Soil  organic  matter  and  nitrogen. — The  in¬ 
fluence  of  the  soil  organic  matter  on 
the  moisture  content  has  already  been 
noted.  That  the  state  of  the  mineral 
nutrient  ions  in  the  soil  may  be  af¬ 
fected  quite  markedly  by  the  soil  or¬ 
ganic  matter  was  indicated  by  an  ob¬ 
servation  of  the  Delaware  station.  In 
two  soils  of  nearly  the  same  content  of 
electrodialyzable  material,  the  one  soil 
being  of  an  inorganic  nature  and  the 
other  approximately  90  per  cent  or¬ 
ganic,  between  five  and  six  times  as 
long  a  period  was  required  for  the 
completion  of  the  electrodialysis  of 
the  inorganic  soil  as  was  needed  in 
the  case  of  the  highly  organic  soil. 
From  this  observation  it  was  concluded 
that  a  soil  rich  in  organic  matter  gives 
up  its  plant  food  much  more  readily 


than  does  one  with  little  organic  mat¬ 
ter.  A  quite-possibly  related  observa¬ 
tion  is  that  of  the  Florida  station, 
which  found  that  green-manure  crops 
appeared  to  bring  about  in  lysimeter 
tests  a  loss  of  plant  food  larger,  when 
no  immediately  following  crop  was 
grown,  than  that  occurring  where  no 
crop  had  been  plowed  down. 

From  experiments  designed  to  re¬ 
store  or  improve  the  organic-matter 
and  nitrogen  content  by  green  manur¬ 
ing  comes  the  rather  striking  observa¬ 
tion  of  the  Illinois  station  that  the 
crop-producing  power  of  certain  soils 
of  low  organic-matter  content  was 
improved  by  the  mere  growing  of  a 
sweetclover  crop  of  which  both  the 
roots  and  the  tops  w^ere  removed.  The 
plowing  under  of  the  sweetclover  in 
the  soil  in  which  it  had  been  grown 
yielded  a  greater  improvement ;  but 
the  plowing  under  of  the  harvested 
crop  of  sweetclover  in  soil  upon  which, 
the  clover  had  not  been  grown  did  not 
give  an  improvement  as  marked  as 
that  following  the  growth  and  subse¬ 
quent  complete  removal  of  the  sweet¬ 
clover.  The  plowed-down  sweetclover 
furnished  nitrogen  in  excess  of  the 
needs  of  the  succeeding  crop. 

The  Indiana  station  found  the  grow¬ 
ing  of  legumes  to  be  the  easiest  and 
most  profitable  means  of  restoring 
nitrogen  and  organic  matter  to  run¬ 
down  soils.  The  Kansas  station  has 
reported  a  comparative  study  of  the 
decomposition  of  the  residues  ef  corn 
and  of  kafir.  The  kafir  appeared  to 
contain  in  small  quantity  a  carbona¬ 
ceous  substance  capable  of  bringing 
about  a  decomposition  temporarily 
more  rapid  than  that  of  the  corn  resi¬ 
dues.  The  ultimate  effect  of  the  kafir 
upon  the  nitrogen  content  of  the  soil 
was  believed  to  have  been  a  stimula¬ 
tion,  however,  rather  than  a  retarda¬ 
tion,  of  the  nitrate  accumulation  as 
compared  with  that  occurring  in  the 
case  of  the  corn  residues. 

The  production  of  artificial  manures 
by  composting  straw  and  like  wastes 
with  sufficient  of  the  common  ferti¬ 
lizer  chemicals  to  encourage  decom¬ 
position  has  been  reported  upon  by 
the  Iowa,  New  Jersey,  and  New  York 
Cornell  stations,  and  investigations 
in  regard  to  it  have  been  continued 
at  several  other  stations.  The  ques¬ 
tion  commonly  has  been  that  of  the 
profitableness  of  the  practice  on  the 
basis  of  the  time  and  labor  expended. 

Soil-nitrate  minima  for  certain  crops 
have  been  determined  by  the  Rhode 
Island  station.  Lettuce,  for  example. 
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yielded  40  per  cent  more  on  soil  carry¬ 
ing  approximately  15  parts  per  mil¬ 
lion  nitrate  nitrogen  than  on  a  soil 
■carrying  but  slightly  less  than  10 
parts  per  million,  and  the  data 
from  other  crops  were  not  inconsist¬ 
ent  with  the  predetermined  minima. 
Also  at  the  Rhode  Island  station  a 
study  of  soil  and  plant  nitrate  con¬ 
tents  showed  that  the  determination 
of  the  soil  nitrates  predicts  the  nitro¬ 
gen  needs  of  young  plants  adequately, 
while  plant-solution  analyses  are  more 
exact  for  later  growth  stages.  In  an 
investigation  of  the  soil  nitrogen  in  a 
fallow  area  of  Merrimac  silt  loam  the 
Rhode  Island  station  showed  the  loss 
of  easily  nitrifiable  nitrogen  from  the 
upper  2  feet  of  the  fallow  plat  to  be 
but  slight,  although  weather  influences 
and  the  activity  of  soil  microorganisms 
caused  marked  temporary  disajppear- 
ances  of  the  soil  nitrates.  Nitrate 
washed  down  by  rainfall  was  shown 
often  to  be  retained  in  the  subsoil,  to 
be  returned,  under  midsummer  condi¬ 
tions,  with  the  soil  water  moving  up¬ 
ward  to  replace  that  evaporating  from 
the  surface. 

Nitrates  in  fallow  land  were  studied 
also  by  the  Montana  station,  which 
observed  that  fallow  soil  always  .con¬ 
tained  more  available  nitrogen  than 
did  continuously  cropped  land  or  land 
under  a  cultivated  crop.  At  the  Colo¬ 
rado  station  the  problem  of  excessive 
nitrate  accumulation  was  found  to  be 
met,  in  part  at  least,  by  the  plowing 
under  of  straw,  cornstalks,  or  low- 
nitrogen  green  manures. 

The  soil  fungi  were  found  by  the 
Wisconsin  station  to  play  an  impor¬ 
tant  part  in  the  tying  up  of  available 
nitrogen  in  organic  form  following  the 
addition  of  straw  or  other  organic 
matter  low  in  nitrogen,  the  growth  of 
the  fungi  being  stimulated  by  the  in¬ 
creased  energy  supply.  This  effect 
would  appear  not  to  be  of  long  dura¬ 
tion,  however,  since  most  of  the  fun¬ 
gus  tissues  decomposed  readily  in 
moist  soils  when  the  supply  of  energy 
material  had  been  used  up,  and  the 
nitrogen  of  fungus  tissue  in  the  soil 
was  found  at  least  as  readily  nitrified 
as  that  of  other  organic  materials. 

Soil  microbiology. — The  possibility  of  a 
new  role  of  certain  bacteria  in  soil 
productivity  is  suggested  by  the  re¬ 
sults  of  experiments  of  the  New  York 
State  station.  These  bacteria,  shown 
to  be  abundant  in  productive  soils, 
were  capable  of  little  or  nO'  growth  in 
a  soil  (Volusia  s,ilt  loam)  high  in  or¬ 
ganic  matter  and  nitrogen  but  dis¬ 


tinctly  acid  and  of  low  crop-producing 
quality.  The  carbon  content  of  this 
soil  was  found  to  be  adequate  for  the 
growth  of  the  bacteria,  but  the  nitro¬ 
gen,  although  suflicient  in  quantity, 
was  not  readily  available  to  the  or¬ 
ganisms.  This  unavailability  could  be 
corrected  in  the  laboratory,  and  its 
causes  under  natural  conditions  were 
under  investigation.  The  possible 
part  which  such  bacteria  may  play  in 
productivity  appears  in  the  statement 
that  the  bacteria  under  investigation 
are  not  uni, ike  green  plants  in  their 
nitrogen  requirements,  and  that  it  is 
thought  that  any  treatment  of  this 
soil  making  the  nitrogen  available  to 
these  bacteria  will  make  it  also  avail¬ 
able  to  crops.  The  advantage  of  the 
relatively  brief  growth  period  of  the 
bacteria  as  compared  with  the  time 
required  for  a  productivity  test  with 
crop  plants  was  also  pointed  out. 

A  distinct  relation  of  soil  reaction 
to  Azotobacter  growth  has  been  ob¬ 
served  by  the  Kansas  station.  The 
organism  disapueared  entirely  from 
cylinders  of  unlimed  soil,  regardless 
of  the  food  supply.  The  limed  and 
inoculated  cylinders,  whether  with  or 
without  cropping  or  the  addition  of 
such  a  carbonaceous  food  supply  as 
straw,  contained  Azotobacter  through¬ 
out  four  years,  whereas  the  unlimed 
inoculated  cylinders  retained  the 
organism  only  during  the  first  two 
years.  A.  similar  effect  of  liming  ap¬ 
peared  in  tests  of  various  treatments 
of  an  upland  grass  sedge  bog  at  the 
North  Carolina  station,  in  which  no 
nitrification  was  found  to  occur  under 
natural  conditions.-  Lime  sufficient  to 
neutralize  the  acidity  of  this  soil 
greatly  increased  the  bacterial  num¬ 
bers  and  the  production  of  carbon 
dioxide  by  the  microorganisms  al¬ 
though  the  fungi  were  not  increased 
appreciably. 

Carbon-dioxide  production,  nitrifi¬ 
cation  of  the  soil  nitrogen,  and,  to  a 
lesser  extent,  the  nitrification  of 
added  ammonium  sulphate,  were  in¬ 
creased  at  the  New  Jersey  stations  in 
soils  supporting  a  growth  of  higher 
plants,  the  greater  effects  appearing 
during  the  later  stages  of  growth  of 
the  plants. 

Equipment  and  methods  for  the 
study  of  exchangeable  bases  has,  as 
usual,  received  attention  at  a  number 
of  the  stations.  Electrodialysis  was 
critically  compared  with  extraction  by 
means  of  normal  ammonium  chloride 
solution  at  the  New  York  Cornell  sta¬ 
tion.  The  results  indicated  that  those 
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cations  which  are  extracted  from  the 
soil  by  electrodialysis  when  the  cur¬ 
rent  tlow  is  relatively  small  may  rep¬ 
resent  more  nearly  the  cations  which 
are  available  as  nutrients  for  grow¬ 
ing  plants  than  do  those  extracted 
with  normal  ammonium  chloride. 
Advantages  of  electrodialysis  as  com¬ 
pared  with  neutral  salt  leaching  have 
been  pointed  out  by  the  Iowa  station; 
and  at  the  Illinois  station  the  deter¬ 
mination  as  sodium-uranyl-zinc  ace¬ 
tate  of  the  sodium  extractable  from 
soils  by  normal  ammonium  acetate 
solutions  v/as  found  to  be  satisfactory. 

Methods  and  apparatus. — The  use  of  crop 
plants  as  indicators  of  various  condi¬ 
tions  in  the  soil,  while  not  new,  has 
undergone  several  interesting  adapta¬ 
tions  and  critical  studies  in  the  work 
of  the  past  year. 

One  of  the  most  marked  departures 
from  the  usual  direction  of  such  work 
was  the  study  by  the  Rhode  Island  sta¬ 
tion  of  a  number  of  crop  plants  with 
respect  to  their  absorption  of  alumi¬ 
num  from  solutions  of  various  alu¬ 
minum  contents  and  the  selection  of 
oats,  buckwheat,  and  millet  as  most 
likely  to  show  correlation  between  the 
active  aluminum  in  the  soil  and  that 
absorbed  by  the  plant. 

The  Connecticut  State  station,  while 
acknowledging  the  value  of  greenhouse 
pot  studies  in  affording  control  and 
critical  observation  impossible  in  the 
field,  found  it  a  difficult  matter  to 
choose  a  plant  capable  of  revealing 
clearly  the  soil  differences  under  in¬ 
vestigation  and  at  the  same  time  other¬ 
wise  adapted  to  the  purpose.  Many 
crop  plants  sufficiently  sensitive  to  nu¬ 
tritional  deficiencies  were  shown  to  be 
subject  to  the  attack  of  greenhouse 
insects  or  diseases,  while  others  were 
too  variable  or  required  too  much 
space.  A  Turkish  variety  of  tobacco 
was  found  to  be  satisfactory  for  the 
purpose.  It  showed  significant  differ¬ 
ences  both  in  the  total  yield  and  in 
the  character  of  growth  when  one  or 
more  of  the  nutrient  elements  were 
omitted  from  the  fertilizer  ration,  and 
it  was  not  attacked  by  either  insects 
or  plant  diseases. 

Studies  of  the  means  of  determining 
soil  hydrogen-ion  concentrations  and 
the  total  acidity  of  the  soil  included 
those  of  the  Ohio  station  on  the  quin- 
hydrone  electrode,  and  of  the  Michi¬ 
gan  station  on  buffer  action  and  acid¬ 
ity  determination  in  acid  soils.  The 
Ohio  station  found  the  potential  drift 
of  the  quinhydrone  electrode  controlla¬ 
ble  by  a  sufficiently  definite  technic  to 


the  point  of  satisfactory  results  with 
soil.  The  Michigan  station’s  study  of 
acid  soils  showed  that  neither  the 
sugar-inversion  method  nor  the  Jones 
test  measures  the  actual  total  acidity 
of  the  soil. 

Analytical  methods  comprise,  among 
others,  those  of  the  Wisconsin  station 
for  determining  calcium  in  the  pres¬ 
ence  of  a  considerable  group  of  inter¬ 
fering  ions,  those  of  the  Wisconsin 
and  Iowa  stations  for  total  carbon  or 
soil  carbon  dioxide  and  for  soil  car¬ 
bonates,  and  of  the  Michigan  and  Illi¬ 
nois  stations  for  the  field  testing  of 
the  available  phosphate  content  of  the 
soil. 

Apparatus  for  soil  sampling,  includ¬ 
ing  an  improved  sampling  tube  with 
accessories  for  driving  and  for  with¬ 
drawing  the  instrument,  was  devised 
by  the  California  station.  Some  ex¬ 
periments  with  a  simple,  rapid  method 
for  determining  the  moisture  equiva¬ 
lent  of  soils,  and  some  on  the  part 
played  by  the  soil  colloids  in  fixing 
the  value  of  this  constant  were  re¬ 
ported  by  the  Michigan  station.  The 
California  station  made  a  critical 
study  of  the  means  previously  pro¬ 
posed  for  the  determination  of  the 
suction  forces  of  _the  soil ;  and  at  the 
same  station  the  dispersion  of  soils 
for  mechanical  analysis  by  means  of 
hydrogen  peroxide  and  hydrochloric 
acid  was  compared  with  the  rubbing 
of  the  soil  in  dilute  ammonia.  The 
results  of  the  last-named  investigation 
suggested  such  differences  among  soils 
as  would  appear  to  make  advisable 
the  use,  according  to  soil  conditions, 
of  a  variety  of  methods. 

Among  adaptations  of  bacteriologi¬ 
cal  technic,  one  of  the  more  striking 
was  the  use  made  by  the  Idaho 
station  of  certain  dyes  to  elimi¬ 
nate  two  of  the  most  persistent  con¬ 
taminants  of  cultures  of  the ,  nitrite- 
oxidizing  organism  by  a  process  of  se¬ 
lective  inhibition.  At  the  New  Jersey 
stations  the  use  of  a  dextrin-nitrate- 
agar  medium  showed  itself  capable  of 
facilitating  the  isolation  of  Azotohacter 
chroococcum. 

Henry  C.  Waterman. 

FIELD  CROPS 

Agronomic  investigations  at  the  ex¬ 
periment  stations  continued  to  rank 
high  among  the  progressive  lines  of 
agricultural  research.  Results  of  these 
activities  include  better  varieties  of 
cereals,  forage  plants,  roof  crops,  and 
vegetables,  more  efficient  cultural 
methods  and  field  practices,  a  broader 
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knowledge  of  the  fertilizer  needs  of 
crop  plants  and  suitable  ways  to  sup¬ 
ply  them,  and  successful  means  for 
weed  control. 

CROP  IMPROVEMENT 

Corn. — Corn,  the  most  important  ce¬ 
real  in  the  country,  received  much  at¬ 
tention  from  plant  breeders.  The 
Iowa  station,  cooperating  with  the 
United  States  Department  of  Agricul¬ 
ture  and  a  local  agency,  in  extensive 
regional  tests  of  locally  improved  va¬ 
rieties  and  hybrids,  found  that  the 
high-yielding  strains  nearly  always 
were  the  earlier  maturing  ones.  Most 
of  the  hybrids  of  unusual  value  were 
produced  by  crossing  strains  of  corn 
self-fertilized  for  several  generations, 
usually  six  or  more.  Rigid  germina¬ 
tion  tests  and  the  ear-to-row  method 
of  breeding,  continued  for  a  few  years 
and  followed  by  careful  mass  selection, 
had  been  utilized  by  most  breeders  re¬ 
sponsible  for  the  high-yielding  strains. 
Heredity,  in  general,  seemed  to  be  a 
factor  somewhat  more  important  than 
adaptation  to  a  particular  soil  or  lo¬ 
cality.  The  Iowa  station,  in  further 
cooperation  with  the  Department  of 
Agriculture,  observed  in  different  in- 
bred  lines  marked  differences  in  pre¬ 
potency  for  practically  all  of  a  num¬ 
ber  of  characters  studied.  The  high- 
yielding  crosses  occurred  very  defi¬ 
nitely  among  the  crosses  by  ‘certain 
outstanding  parent  lines.  A  number 
of  seed,  seedling,  and  plant  defects 
were  not  correlated  significantly  with 
yield  in  a  commercial  corn  variety. 

Ability  of  corn  to  withstand  lodg¬ 
ing,  the  Minnesota  station  observed, 
depended  to  a  considerable  extent  on 
inherited  differences.  Among  other 
recessive  defects  the  Iowa  station 
found  a  type  of  lodging  due  to  weak 
culms.  Various  aberrations  in  plant 
and  ear  characters  were  reported  on 
after  intensive  studies  by  the  New 
York  Cornell,  Minnesota,  and  Texas 
stations.  The  Indiana  station  found 
that  vitamin  A  was  transmitted  exclu¬ 
sively  with  yellow  endosperm  in  the 
process  of  crossing  and  segregation. 

Continuous  selection  by  the  Illinois 
station  during  nearly  30  years  for  pro¬ 
tein  and  oil  content  produced  four 
types  of  corn  differing  distinctly  in 
their  composition.  The  high  oil  strain 
averaged  11.25  per  cent  of  oil  and  the 
low  oil  strain  1.29,  while  the  high 
protein  strain  averaged  18.25  per  cent 
of  protein  and  the  low  protein  strain 
6.82.  In  tracing  the  effect  of  seed 
maturity  on  corn  yields,  this  station 


found  that  the  field  stand  was  the 
prime  factor  infiuencing  yield.  It  also 
observed  that  certain  strains  of  corn 
responding  to  phosphatic  fertilization 
were  not  as  susceptible  to  disease  as 
strains  without  such  response. 

Working  with  Reid  Yellow  Dent 
corn,  the  Iowa  station  obtained  the 
best  yields  from  the  longer  and 
heavier  ears,  ears  with  16  rows  of 
kernels,  medium  to  wide,  dense,  horny 
kernels,  medium  to  smooth  indenta¬ 
tion,  relatively  large  kernels,  and  ears 
fully  mature  and  cured  normally.  The 
Texas  station  did  not  find  number  of 
seminal  roots  of  value  as  a  criterion 
for  selection  of  productive  seed  ears. 

Small  grain.— Yield,  milling  and  bak¬ 
ing  qualities,  and  resistance  to  drought 
and  disease  have  been  the  aims  in 
improvement  of  small  grain.  The 
Arizona  station  in  a  prolonged  study 
of  improvement  and  adaptation  of 
wheat  varieties  and  strains  were 
grow  and  maintain  high-yielding  hard 
white  wheat  varieties  under  irrigation 
in  southern  Arizona.  Many  of  the 
selections  were  also  high  in  baking 
quality.  The  serological  ranking  of 
wheat  varieties  and  strains  were 
found  by  the  North  Dakota  station 
to  be  paralleled  somewhat  by  the 
genetic  characters  for  which  the 
wheats  were  selected  originally. 
Wheat  varieties  having  the  most  ge¬ 
netic  factors  in  common  showed  the 
closest  relationships  serologically. 
Analyzing  the  yield  of  certain  common 
and  durum  wheats,  this  station  ob¬ 
served  that  in  the  breeding  of  new 
varieties  careful  attention  must  be 
paid  to  prolificacy,  d.  e.,  the  number 
of  kernels  per  head. 

The  Utah  and  Minnesota  stations 
reported  on  the  correlated  inheritance 
of  a  number  of  important  characters 
in  wheat  hybrids.  The  inheritance  of 
characters  and  their  possible  linkage 
relations  were  investigated  in  barley 
by  the  Colorado  and  the  North  Dakota 
stations  and  in  oats  by  the  West  Vir¬ 
ginia  station. 

Cotton. — The  demand  for  cotton  char¬ 
acterized  by  earliness,  higher  yield, 
longer  lint,  and  disease  resistance 
proved  a  stimulus  to  plant  breeders  of 
the  southern  experiment  stations. 
Several  stations  brought  forth  im¬ 
proved  strains  having  one  or  more 
desirable  features  and  supplied  much 
information  in  regard  to  the  genetics 
of  cotton.  Inheritance  studies  at  the 
Arkansas,  Florida,  Mississippi,  North 
Carolina,  Oklahoma,  and  Texas  sta¬ 
tions  dealt  with  fiber  length,  cov- 
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ered  v,  naked  seed,  leaf  shape,  plant 
color,  the  behavior  of  a  number  of 
plant,  flower,  boll,  and  lint  characters, 
and  also  various  recessive  defects.  . 

Potatoes. — Investigating  potato-breed¬ 
ing  methods,  the  Minnesota  station 
found  that  crossing  the  earliest  avail¬ 
able  fertile  seedlings  with  the  early 
varieties  and  selecting  from  later  gen¬ 
erations  derived  from  these  crosses 
permitted  the  isolation  of  lines  com¬ 
bining  relatively  high  fertility  with 
earliness  equal  to  that  of  the  progeny 
from  the  early  varieties.  Indications 
were  that  a  high  yield  probably  could 
be  obtained  upon  recombining  the  in- 
bred  lines  even  without  selection  for 
high  yield.  The  Illinois  station  re¬ 
corded  the  behavior  of  additional 
characters  in  the  soybean  and  con¬ 
firmed  the  merits  of  the  Illini  soybean 
in  the  State. 

Irradiation  of  crop  plants. — The  X-ray 
treatment  of  the  reproductive  organs 
and  the  seed  of  crop  plants  in  endeav¬ 
ors  to  induce  variations  produced  re¬ 
sults  of  more  than  passing  interest. 
Germinating  seeds  of  barley.  X-rayed 
at  the  Missouri  station,  gave  rise  to 
a  number  of  mutants,  largely  seedling 
characters  of  chlorophyll  defects.  Sev¬ 
eral  mutants  were  also  induced  by 
treatment  with  radium.  X-ray  treat¬ 
ment  also  resulted  in  greater  frequency 
of  chromosome  aberration  in  corn.  In 
both  oats  and  wheat  species,  the  muta¬ 
tion  frequency  evidently  decreased 
sharply  with  the  increasing  number  of 
chromosomes.  X-ray  treatment  of  seed 
tubers  of  potatoes  at  the  New  Jersey 
stations  favored  increase  in  size  of 
tuber  in  the  resulting  crop.  Abnor¬ 
malities  in  cytological  behavior,  ex¬ 
ternal  morphology,  and  fertility  were 
induced  at  the  California  station  in 
different  species  of  tobacco  (Nico- 
tiana)  by  radiation  with  X  rays  and 
radium. 

These  are  examples  of  the  current 
trend  in  improvement  and  genetic  re¬ 
search  with  crop  plants  at  the  stations. 

CROP  XUTRITIOX 

The  fertilizer  needs  of  tobacco,  po¬ 
tatoes,  cotton,  forage  crops,  and  ce¬ 
reals  were  subjects  of  extensive  in¬ 
vestigation. 

Tobacco. — The  Connecticut  Tobacco 
substation  demonstrated  the  need  of 
an  adequate  supply  of  potassium  for 
tobacco  and  the  injury  to  the  burn 
and  other  qualities  resulting  from  re¬ 
ductions  of  potash  below  200  pounds 
per  acre.  Best  results  came  from  a 
combination  which  derived  one-third 


of  its  potash  from  potassium  sulphate, 
potassium  carbonate,  and  potassium  ni¬ 
trate,  respectively.  When  the  nitro¬ 
gen  carriers  sodium  nitrate  and  cal¬ 
cium  nitrate  were  used  high-quality 
tobacco  resulted,  whereas  liming  dis¬ 
tinctly  reduced  fire-holding  capacity 
and  percentage  of  ash.  However,  to¬ 
bacco  made  increased  growth  on  very 
acid  soils,  i.  e.,  soils  with  a  pH  value 
below  4.8,  when  lime  supplemented  a 
complete  fertilizer  treatment  in  the 
greenhouse.  In  the  field  on  a  very  acid 
soil  producing  poor  tobacco  even  wdien 
liberally  fertilized,  tobacco  was  im¬ 
proved  considerably  by  lime  and  su¬ 
perphosphate.  It  was  evident  that 
one-half  of  the  nitrogen  of  the  formula 
could  be  derived  from  urea,  which  had 
certain  other  merits.  Green  manures 
increased  yields  and  improved  grades. 

Trials  by  the  Connecticut  Tobacco 
substation,  in  cooperation  with  the  De¬ 
partment  of  Agriculture,  showed  that 
if  magnesia  deficiency  in  the  soil  is 
not  rectified  by  the  fertilizer  both  yield 
and  quality  of  cured  leaf  may  be 
greatly  depressed.  The  quantity  of 
magnesia  taken  up  by  tobacco  was  in¬ 
fluenced  by  the  quantity  applied  to  the 
soil.  Both  chlorine  and  magnesia  in¬ 
creased  yields  to  a  certain  extent.  No 
great  differences  were  noted  in  qual¬ 
ity,  yet  the  poorest  tobacco  came  from 
control  plats  where  neither  magnesia, 
sulphur,  nor  chlorine  were  supplied. 
Chlorine  nearly  destroyed  the  fire-hold¬ 
ing  capacity  of  the  cured  leaf,- whereas 
sulphur  or  magnesia  were  not  obnox¬ 
ious  in  this  respect. 

Fertilizer  trials  at  the  Massachusetts 
station  indicated  that  on  land  which, 
although  well  fertilized,  produces  poor 
tobacco  rather  heavy  applications  of 
superphosphate  will  improve  the  yield 
and  quality  of  tobacco.  Of  many  inor¬ 
ganic  and  organic  forms  of  nitrogen, 
the  nitrate  appeared  to  be  the  most 
readily  assimilated  by  Havana  to¬ 
bacco  and  produced  the  best  quality. 
The  nitrate  evidently  tended  to  coun¬ 
teract  the  so-called  brown  root  rot  of 
Havana  tobacco. 

The  Pennsylvania  station  found,  in 
cooperation  with  the  Department  of 
Agriculture,  that  the  beneficial  effect 
of  potassium  on  the  burning  qualities 
of  tobacco  is  due  to  a  number  of  fac¬ 
tors,  one  being  its  state  of  combination 
within  the  plant.  Fertilization  and 
other  factors  tend  to  modify  this  con¬ 
dition.  Evidence  of  a  close  relation¬ 
ship  between  potassium  and  iron  on 
the  process  of  cigar  combustion  was 
obtained.  Plants  grown  with  manure 
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alone  were  consistently  inferior  in 
yield  and  quality  to  plants  produced 
by  manure  supplemented  with  commer¬ 
cial  fertilizers.  Indeed,  high  yields  of 
good-quality  tobacco  resulted  from 
treatment  with  commercial  fertilizer 
without  manure.  This  station  ob¬ 
served  that  the  composition  of  to¬ 
bacco  leaves  may  be  affected  mate¬ 
rially  by  locality,  weather  conditions, 
and  fertilizer  treatment,  and  that,  in 
turn,  the  chemical  composition  affects 
their  burning  quality. 

The  chlorine  content  of  tobacco  fer¬ 
tilized  with  potassium  chloride  by  the 
Kentucky  station  was  almost  in  direct 
proportion  to  the  quantity  of  chlorine 
applied  in  the  fertilizer  up  to  and  in¬ 
cluding  400  pounds  per  acre.  Potas¬ 
sium-sulphate  applications  had  little 
effect  on  the  chlorine  content,  although 
the  percentage  of  sulphur  rose  with 
increasing  applications,  although  much 
less  rapidly  than  that  of  chlorine. 

On  the  basis  of  their  extensive  fer¬ 
tilizer  experiments  the  Virginia,  North 
Carolina,  South  Carolina,  and  Georgia 
stations  and  the  Department  of  Agri¬ 
culture  united  in  recommending  in 
1929  for  bright  flue-cured  tobacco  on 
the  heavy  or  more  productive  soils 
fertilizer  mixtures  (8-3-5)  containing 
8  per  cent  of  available  phosphoric 
acid,  3  per  cent  of  ammonia,  and  5 
per  cent  of  potash,  with  an  8-3-3  fer¬ 
tilizer  on  gray  soils  with  red  subsoils 
of  the  Cecil  series  of  Virginia,  and  for 
light  or  less  productive  soils  an  8-4-6 
mixture.  Where  sand  drown,  i.  e., 
magnesia  hunger  prevails  it  was  rec¬ 
ommended  that  fertilizers  carry  2  per 
cent  of  magnesia.  The  nutrients  were 
to  come  from  certain  approved  car¬ 
riers,  w,ith  the  speciflcation  that  the 
mixtures  should  contain  a  maximum 
of  2  per  cent  of  chlorine.  The  mix¬ 
ture  indicated  should  be  applied  at 
the  rate  of  800  to  1,200  pounds  in  the 
drill  before  transplanting.  For  dark 
tobacco  from  600  to  1,000  pounds  per 
acre  of  an  8-3-3  mixture  was  to  be 
applied  in  the  drill  or  just  before 
transplanting. 

Potatoes. — C  0  m  p  a  r  i  n  g  concentrated 
and  ordinary  high-grade  fertilizers  for 
potatoes,  in  cooperation  with  the  De¬ 
partment  of  Agriculture,  the  Maine 
station  found  that  the  use  of  concen¬ 
trated  fertilizers  under  Aroostook 
County  conditions  appeared  to  be  well 
justified,  provided  the  mixture  has  a 
good  physical  condition  so  that  it  can 
be  drilled  uniformly  and  be  well  mixed 
with  the  soil  before  sets  are  planted. 
It  was  observed  that  diflSiculty  experi¬ 
enced  in  distributing  certain  mixtures 


uniformly,  due  to  poor  physical  condi¬ 
tion  caused  by  readily  deliquescent 
salts,  could  be  overcome  by  including 
a  small  proportion  of  cottonseed  meal 
or  other  organic  material  for  a  con¬ 
ditioner.  Such  conditioner  was  not 
needed  when  potassium  nitrate,  am¬ 
monium  chloride,  and  ammonium  phos¬ 
phate  were  used.  Equivalent  quanti¬ 
ties  of  ordinary  and  of  quadruple 
strength  fertilizers  applied  to  pota¬ 
toes  by  the  New  Hampshire  station 
were  similar  as  to  resultant  yields, 
and  the  concentrated  material  was  not 
injurious.  Maryland  station  findings 
were  similar  in  regard  to  double 
strength  fertilizers  compared  with 
regular  mixtures. 

Scattering  the  fertilizer  for  potatoes 
in  the  row  with  the  sets  in  New 
Hampshire  station  tests  appeared  to 
be  superior  to  placement  above,  below, 
or  beside  the  seed.  Deferring  appli¬ 
cation  of  the  soluble  mineral  part  of 
the  fertilizer  mixture  until  first  culti¬ 
vation  was  followed  at  the  Maryland 
station  by  reduced  yields. 

Potatoes  deprived  of  potassium  and 
unmanured  at  the  Ohio  station  were 
abnormal  in  growth  and  coloration 
and  produced  small  tubers  and  died 
prematurely,  with  characteristic  ab¬ 
scission  of  the  lower  leaves.  Analyses 
of  the  tops  of  such  plants  disclosed 
an  accumulation  of  soluble  sugar  and 
a  deficit  of  hydrolyzable  polysac¬ 
charides.  Qualitatively,  the  carbohy¬ 
drates  seemed  to  be  normal.  In  the 
growing  plant  the  conversion  of 
soluble  sugar  to  polysaccharides  ap¬ 
peared  to  be  hindered  by  the  lack  of 
potassium,  and,  as  a  result  of  the 
accumulation  of  sugar,  glucosidal  pig¬ 
ment  was  produced  in  abnormal  quan¬ 
tity,  and  presumably  normal  photo¬ 
synthesis  was  retarded. 

Applications  of  potassium  seemed 
necessary  in  Maryland  station  trials 
for  maximum  yields  oh  the  Norfolk 
sandy  loam,  and  either  potassium  sul¬ 
phate  or  chloride  appeared  preferable 
to  manure  salts.  The  Florida  station 
found  that  potatoes  made  as  good 
yields  with  potassium  chloride  as  with 
potassium  sulphate  without  appreci¬ 
able  difference  in  the  starch  content  of 
the  tubers.  Potatoes  at  the  New 
Hampshire  station  returned  increased 
yields  with  the  higher  percentages  of 
potassium  in  the  fertilizer  and  with 
the  heavier  applications  of  manure. 

Sweetpotatoes. — ^A  definite  interrela¬ 
tionship  was  observed  by  the  Virginia 
Truck  station  between  the  amounts  of 
rainfall  during  the  gi’owing  season 
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and  the  relative  effectiveness  of  large 
quantities  of  potassium  in  the  fertilizer 
mixtures.  A  high  potash  to  a  low 
phosphoric  acid  and  ammonia  ratio 
proved  most  effective  in  the  formulas. 
The  percentage  composition  of  the  fer¬ 
tilizer  did  not  seem  to  be  related  to 
the  losses  by  rot  and  shrinkage  in 
storage.  Character  of  vine  growth 
was  affected  more  markedly  by  dif¬ 
ferences  in  the  nitrogen  content  than 
by  the  phosphorus  or  potassium  con¬ 
tent,  the  higher  percentages  of  nitro¬ 
gen  giving  the  larger  leaves  and  lux¬ 
uriant  vines.  A  mixture  recommended 
for  the  Jersey  type  of  sweetpotatoes  on 
moderately  fertile  soils  furnishes 
about  30  pounds  of  ammonia,  30 
pounds  of  phosphoric  acid,  and  150 
pounds  of  potash. 

In  experiments  on  Norfolk  sandy 
loam,  the  Maryland  station  found  that 
the  soluble-nitrogen  carriers  used  in 
a  complete  fertilizer  produced  the 
highest  average  yields  of  prime  sweet- 
potatoes,  and  the  60  :  40  per  cent 
ratio  led  the  inorganic  :  organic  com¬ 
binations.  More  prime  sweetpotatoes 
were  made  with  potassium  than  with¬ 
out,  potassium  sulphate,  potassium 
chloride,  and  manure  salts  ranking  in 
eifectiveness  in  the  order  named.  A 
green-manure  cover  crop  in  the  rota¬ 
tion  in  conjunction  with  fertilizers  ap¬ 
peared  responsible  for  significant  yield 
increases. 

Cotton. — Cooperative  fertilizer  trials 
carried  on  by  the  South  Carolina  sta¬ 
tion  again  indicated  that  even  with  a 
systematic  rotation  liberal  quantities 
of  commercial  fertilizer  may  be  ap¬ 
plied  profitably  to  cotton.  Comparing 
side  applications,  cotton  responded 
markedly  to  nitrogen,  although  phos¬ 
phorus  and  potassium  also  served  to 
increase  the  average  yield  consider¬ 
ably.  The  Alabama  station  reported 
on  the  response  of  variations  of  a 
standard  complete  fertilizer  to  meet 
the  needs  of  cotton  on  different  soil 
types.  The  Georgia,  Arkansas,  Mis¬ 
sissippi,  and  North  Carolina  stations 
variously  reported  on  comparisons  of 
carriers  of  nitrogen,  phosphorus,  and 
potassium,  and  rates  and  methods  of 
applications  and  treatments  for  differ¬ 
ent  soil  types. 

Corn. — The  advisability  of  combining 
for  corn,  hill  applications  of  fertilizers 
with  broadcast  fertilizer  or  manure, 
especially  on  light-colored  soils  low  to 
medium  in  fertility,  was  shown  by  the 
Ohio  station.  Hill  applications  seem 
best  adapted  to  supply  the  nutrient 
needs  of  corn  early  in.  growth,  while 


broadcasted  applications  provide  the 
later  needs.  The  development  and 
maturity  of  the  crop  also  were  has¬ 
tened  by  hill  applications. 

The  South  Carolina  station  found 
that  corn  yields  were  almost  directly 
proportionate  to  the  nitrogen  supplied, 
little  response  coming  from  phos¬ 
phorus  and  potassium,  especially 
where  they  had  been  applied  to  pre¬ 
vious  crops.  Higher  yields  came  from 
200  pounds  of  sodium  nitrate  applied 
when  the  corn  was  about  knee-high 
than  at  other  growth  stages.  Corn 
yields  increased  decidedly  after  leg¬ 
ume  winter  cover  crops,  especially 
Austrian  Winter  field  peas,  and  par¬ 
ticularly  when  side  dressed  with 
ammonium  sulphate.  The  Georgia 
Coastal  Plain  station  found  potassium 
to  be  valuable  for  corn  on  coastal- 
plain  soils  and  observed  that  fertilizer 
evidently  should  be  applied  as  a  side 
dressing;  on  very  poor  soils  at  least 
half  might  be  furnished  at  planting. 

Small  grain. — Oats  at  the  Georgia 
Coastal  Plain  station  responded  to  lib¬ 
eral  applications  of  superphosphate 
and  green  manure,  and  plenty  of  po¬ 
tassium  increased  yields  and  prevented 
lodging,  and  profitable  increases  came 
from  nitrogen  supplied  early  in  Feb¬ 
ruary.  Early  spring  top-dressing  of 
oats  with  nitrogen  was  found  quite 
necessary  by  the  South  Carolina  sta¬ 
tion.  While  increases  in  wheat  yields 
usually  produced  by  nitrogen  were  not 
nearly  so  large  as  those  in  oats,  super¬ 
phosphate  and  complete  fertilizer  at 
planting  were  of  greater  benefit.  The 
Ohio  station  found  spring  applications 
of  sodium  nitrate  to  be  more  profitable 
than  fall  applications  in  supplement¬ 
ing  phosphorus  and  potassium  for 
wdieat.  When  applied  through  the  fer¬ 
tilizer  attachment  of  the  grain  drill 
at  seeding,  fertilizer  made  a  larger  in¬ 
crease  in  wheat  yield  than  when  ap¬ 
plied  separately  before  seeding. 

With  rice  the  Texas  station  found 
the  maximum  and  most  profitable 
yields  to  result  from  application  of 
100  pounds  of  ammonium  sulphate, 
preferably  added  at  planting.  The  Ar¬ 
kansas  station  found  a  number  of  ni¬ 
trogen  carriers  adapted  for  rice  pro¬ 
duction,  although  ammonium  com¬ 
pounds,  as  ammonium  sulphate  and 
ammonium  phosphate,  appeared  bet¬ 
ter,  because  rice  seemed  to  be  affected 
less  by  the  changes  they  produce  and 
less  nitrogen  was  lost  by  denitrifica¬ 
tion. 

Forage. — Pasture  vegetation  at  the 
Massachusetts  station  was  changed  by 
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top-dressings  of  lime,  superphosphate, 
and  potassium  chloride,  a  weedy 
growth  of  cinquefoil  and  moss  being 
replaced  with  white  clover,  bluegrass, 
and  redtop.  Fertilizers  also  brought 
about  complete  changes  in  lawn 
grasses.  Bents  did  best  when  given 
acid  nitrogen  with  phosphoric  acid, 
fescues  thrived  when  getting  acid  ni¬ 
trogen  alone,  and  weed  competition  was 
too  great  for  bluegrasses  receiving  al¬ 
kaline  nitrogen  with  phosphoric  acid 
and  potassium. 

The  Florida  station  observed  that 
the  protein  content  of  pasture  grass 
when  grazed  can  be  increased  and 
maintained  at  a  somewhat  higher  level 
than  usual  by  frequent  light  applica¬ 
tions  of  a  nitrogenous  fertilizer.  The 
yield  appeared  to  follow  the  rainfall, 
and  increasingly  when  nitrogen  was 
supplied.  The  total  nitrogen  was 
higher  in  the  grass  when  nitrogen  was 
plentiful  in  the  soil  and  was  also  high 
at  periods  of  low  rainfall. 

Grass  on  neglected  hay  lands  in 
New  Hampshire  station  studies 
responded  noticeably  to  100-pound 
applications  of  sodium  nitrate,  espe¬ 
cially  when  unmanured,  and  to  lime. 
With  alfalfa,  potassium  alone  was  the 
only  nutrient  giving  increases  in  hay 
yields  for  two  cuttings  worth  more 
than  its  cost. 

CROP  SEQUENCE 

The  effect  of  a  crop  on  crops  fol¬ 
lowing  it  in  rotation  was  a  promising 
subject  of  inquiry.  Rotation  experi¬ 
ments  conducted  by  the  Virginia  sta¬ 
tion  showed  that  corn  depressed  sub¬ 
sequent  crops  more  than  did  any  of 
the  other  crops  grown.  Small  grains 
did  not  appear  to  differ  in  their 
effects,  nor  did  cowpeas  and  soybeans 
differ  materially  when  properly  inocu¬ 
lated.  The  Virginia,  North  Carolina, 
and  South  Carolina  stations  all  found 
rotations,  especially  those  including 
legumes,  and  fertilizer  treatments 
mutually  profitable  in  the  production 
of  field  crops. 

Effect  of  sorghum. — Several  stations  in¬ 
vestigated  the  injurious  after  effects 
of  sorghum.  Barley  yields  in  field 
trials  at  the  California  station  were 
depressed  progressively  after  millet, 
corn,  broomcorn,  and  sorgo  ( sweet 
sorghum)  below  the  yield  after  fallow, 
whereas  on  all  plats  previously  in 
crop,  fenugreek  grew  normally  and 
yielded  higher  than  after  fallow.  Re¬ 
lationships  were  shown  between  the 
depression  of  nitrates  by  .  sorghum 
roots  and  by  equivalent  sucrose,  and 


likewise  between  barley  yields  and 
nitrates  thus  depressed.  The  practi¬ 
cally  normal  growth  of  alfalfa  and 
fenugreek  after  sorghums  seemed  to 
suggest  that  planting  a  legume  may 
be  the  best  way  to  avoid  the  adverse 
effects  of  sorghum.  New  York  Cor¬ 
nell  station  results  suggested  that  the 
injurious  after  effects  of  sorghum  may 
be  associated  with  the  comparative 
ease  with  which  its  roots  are  oxidized 
in  soil,  which  process  being  accompa¬ 
nied  by  an  increase  in  number  of  soil 
organisms  and  in  assimilation  of  ni¬ 
trate  nitrogen  would  tend  to  deplete 
the  available  nitrogen.  The  extent  of 
these  processes  in  the  soil  when  young 
plants  need  nitrogen  may  determine 
the  degree  of  injury  which  sorghum 
exerts  on  following  crops. 

Crops  preceding  tobacco. — The  effects  of 
other  crops  on  tobacco,  as  observed  by 
the  Department  of  Agriculture  in 
Maryland,  Connecticut,  and  Massachu¬ 
setts,  and  by  the  Ohio,  Connecticut, 
and  Massachusetts  stations  were  sum¬ 
marized  by  the  Massachusetts  station. 
Certain  crops  in  rotation  appeared  to 
depress  tobacco,  while  others  seemed 
to  be  indifferent.  However,  those  pro¬ 
ducing  notable  increases  in  yield  and 
quality  were  quite  rare.  The  rotation 
of  tobacco,  wheat,  and  red  clover  gave 
very  satisfactory  returns  in  Maryland 
and  Ohio,  whereas  a  similar  rotation 
of  tobacco,  corn,  and  timothy  or  clover 
hay  seriously  decreased  the  yield  and 
quality  of  the  tobacco  in  Massachu¬ 
setts.  The  way  different  crops  affected 
tobacco  in  different  sections  was  not 
consistent.  Results  with  cover  crops 
resembled  those  where  different  crops 
are  grown  in  rotation,  although  cover 
crops  did  not  give  returns  justifying 
their  use.  Crop  effects  were  found  to 
be  associated  with  brown  root  rot.  In 
New  England  in  particular  the  most 
serious  injury  from  previous  crops  has 
accompanied  severe  brown  root  rot; 
where  brown  root  rot  was  not  severe 
crop  effects  have  been  less  marked. 

CULTURAL  PRACTICES 

Research  concerned  with  cultural 
methods  and  field  practices,  as  usual, 
developed  information  of  practical  as 
well  as  fundamental  value. 

Corn. — In  comparison  of  tillage 
methods  the  Nebraska  station  found 
that  higher  corn  yields  came  from 
early  spring  plowing,  and  that  the  best 
listing  practices  yielded  slightly  less 
than  the,  best  surface-planting  practice 
on  plowed  ground.  Corn  planted  in 
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hills  and  in  drills  made  similar  yields, 
provided  the  stands  were  comparable. 
The  planting  rate  could  vary  somewhat 
without  affecting  very  materially  the 
grain  yield  per  acre.  Yields  rose  regu¬ 
larly  up  to  four  cultivations,  and  corn 
merely  hoed  to  kill  weeds  yielded 
somewhat  less  than  that  cultivated 
four  times.  The  type  of  tillage  treat¬ 
ment  did  not  seem  related  to  the  re¬ 
duction  of  soil  moisture  during  the 
growing  season. 

All  sorts  of  corn  tended  to  drop  in 
yield  with  delayed  planting  at  the 
Ohio  station,  and  the  moisture  content 
at  husking  of  late-planted  corn  gener¬ 
ally  exceeded  that  in  corn  planted  nor¬ 
mally.  Corn  poor  because  of  unfa¬ 
vorable  fertility,  drainage,  or  climate 
showed  a  rather  low  infestation  with 
European  corn  borer,  whereas  early, 
vigorously  growing  corn  appeared  to 
present  conditions  favoring  borer  ac¬ 
cumulation. 

Both  variety  and  locality  seemed  to 
affect  the  amount  of  suckering  of  corn 
at  the  Arkansas  station.  Deep  plant¬ 
ing  caused  an  increase,  and  more  stalks 
per  hill  caused  reductions,  whereas 
neither  size  of  seed  nor  the  soil’s  con¬ 
tent  of  moisture  or  available  nitrogen 
appeared  to  affect  the  rate.  Removal 
of  suckers,  especially  when  of  some 
size,  reduced  the  corn  yield. 

Removal  of  blades  of  corn,  in  simu¬ 
lated-hail  studies  by  the  Illinois  sta¬ 
tion,  depressed  corn  yields  severely, 
especially  if  done  during  the  early  silk 
stage.  Likewise,  quality  of  corn  was 
markedly  reduced  by  removal  of  blades, 
particularly  after  the  corn  was  in  the 
early  dent  stage  or  when  the  silks  were 
brown  on  from  56  to  70  per  cent  of 
the  plants.  Cutting  off  the  outer  half 
or  sections  or  slitting  the  blade  or 
breaking  the  midrib  all  caused  reduced 
yields.  The  South  Dakota  station 
found  that  removing  all  developed  leaf 
blades  from  corn  at  any  growth  period 
always  noticeably  depressed  grain  pro¬ 
duction,  the  greatest  decrease  occur¬ 
ring  when  leaf  blades  were  taken  off 
at  a  stage  termed  tasseling  to  kernel 
formation. 

The  Wisconsin  station  found  that 
in  drying  seed  corn,  temperatures  as 
high  as  120°  F.  may  be  used  safely, 
regardless  of  the  initial  moisture  con¬ 
tent.  In  commercial  practice  the  most 
economical  temperature  is  from  100 
to  110°.  Corn  dried  rapidly,  as  com¬ 
pared  with  that  dried  more  slowly, 
was  not  injured  in  germination,  seed¬ 
ling  growth,  or  maturation. 

Small  grain. — Purrow-drilled  winter 
wheat  outyielded  seedings  made  with 


the  common  drill  at  the  Wyoming 
station.  Subsoiling,  plowing,  listing, 
and  disking  had  about  equal  effect 
on  land  continuously  cropped  to 
winter  wheat  and  on  winter  wheat 
seeded  in  the  stubble  of  other  small 
grains.  Plowed  winter-wheat  stubble 
averaged  about  the  same  as  that  un¬ 
plowed.  The  Northern  Montana  sub¬ 
station  found  that  the  time  of  plowing 
summer  fallow  for  wheat  is  very  im¬ 
portant  and  that  when  land  is  plowed 
early  enough  in  the  spring  previous 
cultivation  of  the  stubble  is  unneces¬ 
sary.  Duck-foot  summer  fallow  was 
very  effective,  nearly  equaling  plowed 
summer  fallow  for  yield. 

The  percentages  of  winterkilling  of 
winter  wheat,  the  Wisconsin  station 
found,  varied  with  the  planting  date. 
Within  a  wide  range,  sudden  tempera¬ 
ture  changes  affected  the  subsequent 
recovery  of  the  plant,  the  temperature 
at  which  the  plant  grew  before  freez¬ 
ing  seem,ing  important  in  this  respect. 

Grazing  winter  wheat  up  to  April 
1  at  the  Oklahoma  Panhandle  station 
did  not  affect  tillering,  delay  maturity, 
or  reduce  yield,  whereas  wheat  grazed 
25  days  longer  produced  fewer  heads 
per  plant  and  considerably  less  grain, 
although  the  time  of  maturity  was 
similar.  While  a  safe  pasturing  pe¬ 
riod  would  lie  between  April  1  and 
April  15,  the  growth  of  the  plant  was 
deemed  the  best  index.  It  did  not 
seem  advisable  to  attempt  reduction 
of  stinking  smut  by  late  grazing,  since 
only  a  slight  decrease  is  possible  and 
the  loss  in  yield  more  than  offsets  the 
gain  in  grade  of  wheat.  Comparisons 
by  the  Kansas  station  of  different 
methods  of  pasturing  winter  wheat 
with  horses  showed  that  the  moderate 
pasturing  of  a  heavy  growth  is  not 
injurious  and  may  prove  beneficial  to 
the  wheat.  Where  the  growth  is 
limited,  pasturing  generally  results  in 
reduced  wheat  yields.  In  seasons  of 
drought  and  slow  fall  growth,  wheat 
pasture  is  not  dependable  as  a  feed 
supply  for  livestock. 

Flax-cereal  mixtures. — Cooperating  with 
the  Department  of  Agriculture,  the 
Minnesota,  North  Dakota,  Montana, 
South  Dakota,  Wisconsin,  and  Ohio 
stations  found  that  with  rainfall  and 
other  weather  conditions  favorable,  a 
somewhat  higher  relative  yield  per 
acre  was  obtainable  from  flax  cropped 
in  mixture  with  wheat,  oats,  or  bar¬ 
ley  than  from  the  two  crops  grown 
separately.  Adequate  soil  moisture 
during  the  entire  growing  season 
favored  a  higher  relative  yield  of  the 
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irixed  crop  as  compared  with  the  same 
crops  grown  alone.  Yields  from  the 
mixed  crops  were  about  the  same 
under  droughty  conditions  as  yields 
from  the  crops  grown  separately.  The 
quality  of  the  flax  and  wheat  in  the 
mixed  crop  equaled  or  exceeded  that 
of  the  crops  grown  separately.  The 
control  of  weeds  is  probably  the  chief 
advantage  of  the  mixed  crop,  which 
makes  possible  flax  culture  on  land  too 
weedy  for  flax  alone.  Mixed  crop¬ 
ping  evidently  had  little  effect  on  the 
prevalence  of  leaf  rust  or  stem  rust 
of  wheat.  Observations  were  that  the 
mixed  crops  of  flax  and  wheat  and 
flax  and  oats  were  more  easily  handled 
in  harvesting,  shocking,  and  thresh¬ 
ing  than  flax  grown  alone. 

Grain  sorghums. — The  Texas  Station 
found  that  milo,  which  is  profusely 
tillering,  averaged  about  21  per  cent 
more  grain  per  acre  when  planted 
from  18  to  36  inches  apart  in  the  row 
than  3  to  9  inches  apart,  whereas 
kaflr,  sparsely  tillering,  yielded  13  per 
cent  more  grain  at  the  narrower  than 
at  the  wider  spacing,  the  different  re¬ 
sponse  appearing  due  to  the  marked 
variance  in  tillering  habits. 

The  California  station  observed  that 
cutting  grain-sorghum  roots  at  from 
5  to  7  inches  below  the  soil  surface  to 
sever  the  plant  from  the  moisture 
supply  caused  rapid  drying  of  the 
grain,  stalks,  and  leaves  in  dry  fall 
weather,  so  that  combining  may 
often  follow  safely  in  about  10  days. 
Special  attention  to  varieties  and  to 
spacing  of  rows  was  found  to  be 
necessary. 

Dry-land  crops. — In  prolonged  experi¬ 
ments  under  dry-land  conditions,  the 
New  Mexico  station,  cooperating  with 
the  Department  of  Agriculture,  found 
that  fleld  crops  on  fall-plowed  land 
well  supplied  with  moisture  in  the 
fall  usually  surpassed  those  on  spring 
plowing.  However,  with  the  soil  dry 
in  the  fall,  spring  plowing  was  advisa¬ 
ble  instead.  Fallow  did  not  pay  in 
comparison  with  the  better  adapted 
crop  rotations,  nor  were  subsoiling  or 
deep  tillage  profltable.  The  better  list¬ 
ing  methods  compared  favorably  with 
plowing  when  cost  was  considered. 
Many  of  the  other  States  west  of  the 
Missouri  River,  cooperating  with  the 
Department  of  Agriculture,  are  carry¬ 
ing  on  extensive  experiments  at  the 
stations  and  substations  in  crop  pro¬ 
duction  under  dry-land  and  irrigation 
conditions. 

Cotton. — Cultivated  cotton  at  the 
Georgia  station  made  slightly  less  seed 


cotton  per  acre  than  that  uncultivated 
but  hoed,  suggesting  that  cultivation, 
while  needed  to  kill  weeds,  should  be 
as  shallow  as  possible.  The  South 
Carolina  station  over  an  extended 
period  found  that  for  different  varie¬ 
ties  and  fertility  conditions  closely 
spaced  plants  produced  larger  yields 
under  boll-weevil  conditions  than  those 
given  abundant  space.  The  partial 
crowding  served  to  suppress  vegeta¬ 
tive  growth  and  to  promote  fruit  pro¬ 
duction  early  in  the  season.  Closely 
spaced  cotton  also  was  outstanding  in 
Georgia  and  North  Carolina  station 
experiments. 

The  Arkansas  station  observed  that 
earliness  and  total  production  are  af¬ 
fected  by  the  stand  more  in  some  years 
than  in  others,  thus  making  stands 
thicker  than  the  normal  seem  desir¬ 
able.  The  stand  in  rows  having  two 
or  three  plants  a  hoe  width  apart  or 
slightly  thicker  was  best  from  year  to 
year. 

Studying  the  fruiting  habit  of  the 
cotton  plant,  the  South  Carolina  sta¬ 
tion  observed  that  cotton  varieties  dif¬ 
fered  markedly  in  flower  production 
and  also  in  ability  to  bear  a  large  per¬ 
centage  of  their  flowers  early  in  the 
season.  Those  tending  to  produce 
many  flowers  early  bore  relatively  few 
late  in  the  season,  and  vice  versa. 
Slightly  less  than  half  of  the  flowers 
developed  into  mature  bolls.  A  much 
larger  percentage  of  flowers  borne 
early  in  the  season  produced  bolls  than 
did  those  appearing  later,  and  there 
were  varietal  differences  here  and  in 
ability  to  retain  squares  and  young 
bolls.  The  fruiting  of  average  plants 
of  each  variety  showed  that  few  upper 
branches  bore  flowers  and  fewer  still 
produced  bolls. 

Relative  earliness  of  appearance  of 
first  flower,  earliness  of  first  open  boll, 
and  especially  flowering  interval  in 
days,  and  mean  boll  period  determined 
largely  (74  per  cent)  the  earliness  of 
crop,  as  measured  by  percentage  of 
total  yield  obtained  at  first  picking. 
It  appeared  that  the  size  of  boll  and 
higher  lint  percentage  may  give  a  dis¬ 
tinct  advantage  to  a  cotton  develop¬ 
ing  fewer  bolls.  The  maturation 
period  of  the  boll  varied  with  seasons 
and  also  within  the  same  season  and 
was  prolonged  progressively  as  the  sea¬ 
son  advanced. 

Potatoes. — The  Ohio  station  found 
that  the  greater  number  of  sprouts  per 
set  in  potatoes  came  from  delay  in 
planting,  maturity  of  tuber,  and  wilt¬ 
ing  of  tuber,  and  also  thiourea  treat- 
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meiit,  whereas  certain  other  factors 
were  of  slight  effect  or  ineffective. 
Immature  seed  gave  more  vigorous 
sprouts,  although  slower  growing,  and 
usually  outyielded  mature  seed.  The 
Alaska  stations  observed  that  potatoes 
from  storage  developed  sprouts  more 
slowly  in  strong  sunlight  than  in  sub¬ 
dued  light,  and  that  length  of  sprout 
beyond  0.25  inch  had  little  effect  on 
time  of  blooming  or  yield. 

Seed  productivity  was  found  by  the 
Nebraska  station  to  be  improved  by 
mulching,  late  planting,  and  early  har¬ 
vesting,  whereas  irrigation  and  nitrate 
content  of  the  soil  were  negligible  fac¬ 
tors.  Early  planting,  straw  mulching, 
and  irrigation  all  increased  the  current 
crop  yield.  Soil  temperatures  and  also 
soil  texture  influenced  the  shape  and 
appeai'ance  of  Triumph  seed  tubers, 
but  like  soil  moisture  did  not  have 
significant  effects  on  their  productiv¬ 
ity.  Treatment  of  sets  with  thiourea 
after  cutting  increased  the  number  of 
stems  and  tubers  per  plant  but  resulted 
in  a  general  decrease  in  tuber  size. 
The  optimum  strength  of  solution  was 
in  the  range  0.5  to  1  per  cent. 

FORAGE  PRODUCTION 

Prominent  among  the  forage-re¬ 
search  activities  reported  during  the 
year  were  alfalfa-production  practices, 
inoculation  studies,  pasture  mainte¬ 
nance  and  improvement,  and  lawn 
studies. 

Alfalfa. — Reduction  in  alfalfa  stands 
in  Arkansas  station  studies  seemed 
due  to  direct  killing  of  plants  by  low 
temperature,  by  freezing  as  a  result 
of  rapidly  fluctuating  temperatures, 
or  by  partial  freezing  and  subsequent 
fungal  and  bacterial  invasion  of  the 
root  and  crown  system.  While  neither 
variety  nor  treatments  so  far  em¬ 
ployed  entirely  met  the  stand  problem, 
it  appeared  that,  besides  supplying 
the  needs  of  alfalfa,  a  hardy  variety, 
liberal  manuring,  and  cutting  in  ad¬ 
vanced-development  stages  may  be  the 
best  methods  for  prolonging  the 
stands. 

Potassium  and  phosphorus  fertiliz¬ 
ers  which  were  applied  to  alfalfa  by 
the  Wisconsin  station  greatly  in¬ 
creased  its  ability  to  withstand  win¬ 
terkilling.  The  yields  rose  with  in- 
.  crease  in  potassium  applications, 
which  were  profitable  up  to  about  300 
pounds  of  potash  per  acre,  and  this 
alfalfa  showed  a  minimum  of  winter- 
killing  compared  with  that  treated 
with  other  commercial  fertilizers  or 
manure. 


Varietal  differences  in  the  persist¬ 
ence  of  stands  of  alfalfa  were  ob¬ 
served  at  the  Kansas  station.  Evi¬ 
dence  that  the  loss  in  stand  in  alfalfa 
cut  often  was  due  to  bacterial  w,ilt 
suggested  a  relation  between  fre¬ 
quency  of  cutting  and  the  onset  of 
the  disease.  Alfalfa  cut  in  full  bloom 
throughout  the  season  produced  the 
most  grass-free  hay,  whereas  stands 
grew  poorer  on  areas  cut  continually 
in  the  bud  stage.  Barnyard  manure, 
together  with  freedom  from  weeds, 
was  effective  at  the  Oregon  station  in 
reestablishment  of  alfalfa  declining 
in  yield  because  of  winterkilling,, 
weeds,  and  continuous  cropping. 

The  Kansas  station  observed  that 
when  alfalfa  was  on  the  land  for  long 
periods  the  moisture  of  the  deep  sub¬ 
soil  was  reduced  to  a  low  percentage 
and  remained  almost  constant.  With 
most  of  the  rainfall  coming  during  the 
growing  season,  the  moisture  pene¬ 
trated  very  slightly  below  6  feet  and 
was  used  by  the  crop  about  as  fast  as 
it  came.  At  least  a  short  period  of 
fallow  is  suggested  to  conserve  mois¬ 
ture  for  starting  alfalfa.  The  Ne¬ 
braska  station  also  found  that  alfalfa 
down  for  long  periods  drew  heavily 
on  the  subsoil  moisture,  yields  during 
the  later  years  of  the  stand  being  cur¬ 
tailed  by  depletion  of  subsoil  moisture. 
During  the  15  years  that  an  estab¬ 
lished  upland  alfalfa  meadow  was 
cropped  to  grain  after  being  broken 
up,  little  moisture  accumulated  beyond 
the  seventh  foot,  the  increase  in  mois¬ 
ture  from  the  5  to  the  35  foot  level 
averaging  0.4  per  cent.  At  this  rate 
nearly  225  years  would  be  needed  to 
restore  the  subsoil  moisture  removed 
by  six  years  of  growing  alfalfa.  On 
this  account  alfalfa  may  be  handi¬ 
capped  greatly  on  land  at  some  time 
previously  in  this  crop. 

The  Ohio  station  found  that,  except 
in  northeastern  Ohio,  alfalfa  should 
be  cut  at  least  three  times  per  season, 
i.  e.,  the  last  cutting  early  enough  so 
that  the  crop  may  enter  the  winter 
with  a  healthy,  vigorous  growth  10  to 
12  inches  high,  and  the  first  cutting 
usually  at  a  somewhat  earlier  stage- 
than  the  second  or  third.  The  slow¬ 
ing  up  or  cessation  of  vegetative 
growth  and  stage  of  bloom  were  the 
best  indications  that  alfalfa  was 
ready  to  cut.  The  more  mature  alfalfa 
became  before  cutting  at  the  Oregon 
station  the  higher  was  the  yield  ob¬ 
tained  during  the  year,  although  the 
quality  of  hay  cut  beyond  rather  full 
bloom  was  questioned. 


RESULTS  OF  STATION  WORK 


31 


Curing  experiments  with  alfalfa  hay 
conducted  by  the  Iowa  station  showed 
that  the  leaves  aid  in  drying  the  stems, 
being  more  effective  in  the  windrow. 
Production  of  the  best  hay,  normally 
obtained  by  windrowing  soon  after 
cutting,  could  be  hastened  somewhat 
by  partial  drying  in  the  swath  before 
windrowing. 

Either  no  clipping  or  clipping  not 
later  than  the  start  of  blooming  was 
best  for  production  of  alfalfa  seed  at 
the  alfalfa-seed  farm  of  the  Utah  sta¬ 
tion.  Cultivation  was  for  weed  con¬ 
trol  and  resulted  in  a  higher  purity 
of  the  seed  produced.  So  far  the  type 
of  cultivation  did  not  influence  greatly 
the  seed  yield,  which  was  highest  on 
unirrigated  plats. 

Inoculation. — The  beneficial  effect  of 
liming  for  establishing  thorough  in¬ 
oculation  of  legumes  on  acid  soils,  ac¬ 
cording  to  Missouri  station  studies, 
may  be  due  partly  to  the  calcium  as 
well  as  to  a  change  in  degree  of  acid¬ 
ity.  The  Illinois  station  observed  that 
one  part  of  a  field  may  have  plenty 
of  active  nodule  bacteria,  while  a 
more  acid  area  may  lack  the  organ¬ 
isms,  and  also  that  even  though  the 
nodule-forming  bacteria  of  a  certain 
legume  produced  nodules  upon  a  sec¬ 
ond  legume,  the  organisms  of  the  lat¬ 
ter  may  not  necessarily  infect  the  first 
legume.  That  the  value  of  soybeans 
for  soil  improvement  is  not  limited  to 
the  nitrogen  added  through  their  ni¬ 
trogen-fixing  bacteria  was  confirmed. 
Soybeans  affected  the  distribution  of 
soil  microorganisms  and  increased 
their  numbers  and  activities. 

Wide  differences  were  found  by  the 
Wisconsin  station  in  the  stimulation 
which  clover  received  from  symbiosis, 
although  root  nodules  were  produced 
by  all  the  strains  <  f  clover  bacteria. 
The  kind  and  location  of  nodules  on 
the  roots  seemed  to  be  correlated  with 
the  benefit  the  plant  derived.  The  best 
strains  gave  relatively  few  but  larger 
nodules  located  near  the  top  of  the 
root  system,  while  the  poorer  strains 
produced  many  small  nodules  scat¬ 
tered  over  the  entire  root  system.  In 
strongly  acid  soil  the  nodule  organism 
was  comparatively  short-lived,  and  in¬ 
oculation  was  necessary,  even  though 
the  field  had  recently  produced  a  good 
crop  of  peas. 

Some  commercial  cultures  of  legume 
bacteria  were  found  by  the  Illinois 
station  to  be  very  effective  in  nodiila- 
tion  and  nitrogen  fixation,  while  others 
were  less  efficient.  No  inoculants  for 
nonlegumes  justified  claims  made  for 


them.  The  Iowa  station  observed  that 
a  commercial  culture  for  the  inocula¬ 
tion  of  nonlegume  crops  did  not  con¬ 
tain  large  numbers  of  efficient  nitro¬ 
gen  bacteria  and  did  not  stimulate 
the  processes  occasioned  by  these  or¬ 
ganisms  in  a  normal  Iowa  soil.  Tests 
failed  to  demonstrate  that  the  culture 
had  a  beneficial  effect  on  a  number  of 
crops. 

Pastures. — In  a  study  of  maintenance 
and  improvement  of  permanent  pas¬ 
ture  on  typical  run-down  rough  land, 
the  Connecticut  Storrs  station  ob¬ 
tained  the  best  response  from  applica¬ 
tions  of  superphosphate,  limestone,  and 
potash  and  the  next  best  from  super¬ 
phosphate  with  limestone.  Both  of 
these  combinations  increased  the  con¬ 
tent  of  white  clover.  Worn-out  old- 
field  pasture  lands  seeded  by  the  Vir¬ 
ginia  station  to  mixtures  of  tame 
grasses  produced  fair  to  excellent 
stands,  persisting  strikingly  under 
heavy  grazing  through  protracted  sum¬ 
mer  drought.  Such  pastures  fur¬ 
nished  grazing  much  earlier  in  the 
spring  and  later  in  the  fall  and  were 
more  palatable  to  cattle  than  broom 
sedge  and  other  native  grasses.  Soil 
erosion  was  arrested  by  the  general 
treatment. 

Grazing  fertile  bluegrass  pastures 
heavily,  closely,  and  prematurely  at 
the  Wisconsin  station  did  not  permit 
storage  of  adequate  organic  nutrients 
in  the  roots  and  rhizomes,  and  as  a 
consequence  the  amount-  of  under¬ 
ground  growth  was  so  limited  that 
white  grubs  devoured  all  the  roots. 
In  establishing  sweetclover  in  blue- 
grass  pastures,  this  station  demon¬ 
strated  the  need  of 'removing  accumu¬ 
lations  of  old  grass  by  burning  or 
otherwise  to  permit  legume  seed  to 
reach  the  soil.  It  further  observed 
that  pasture  yields  can  be  doubled  by 
adding  enough  lime,  nitrogen,  phos¬ 
phorus,  and  potassium.  The  quickest 
response  came  from  manure,  and  re¬ 
seeding  of  5  pounds  of  white  clover 
per  acre  with  the  manure  was  the 
most  efficient  method  tested,  although 
a  complete  commercial  fertilizer  was 
nearly  as  good. 

The  Hohenheim  system  of  permanent 
pasture  management,  recently  devel¬ 
oped  in  Europe  and  tested  by  several 
stations,  comprises  the  division  of  a 
pasture  into  several  paddocks,  rotation 
of  grazing  from  one  paddock  to  an¬ 
other,  and  top-dressing  the  grass  with 
a  nitrogenous  fertilizer  at  intervals 
during  the  season.  With  a  mixed 
bluegrass  and  redtop  sod,  the  Ohio 
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station  found  grass  very  efiBcient  in 
utilizing  fertilizer  nitrogen  in  produc¬ 
ing  both  dry  matter  and  protein,  the 
yields  of  each  being  closely  related  to 
the  time,  frequency,  and  quantity  of 
the  applications.  The  Massachusetts 
station,  obtaining  similar  results  with 
the  system,  found  that  a  thick  sod  is 
essential  for  best  results  from  fer¬ 
tilizers. 

The  Oregon  station  in  field  studies 
demonstrated  that  pasture  establish¬ 
ment  to  be  economical  should  be  done 
by  fall  seeding  on  a  good  first  burn. 
For  permanency  and  to  resist  en¬ 
croachment  from  brush,  the  pasture 
mixture  must  include  sod  formers,  and 
the  land  must  be  kept  grazed.  Many 
loggings  were  damaged  irreparably  by 
losing  the  long-time  effects  of  a  first 
burn  as  a  result  of  sowing  cheap  and 
temporary  burn  mixtures.  Unseeded, 
burned-over  land  or  land  seeded  to 
temporary  burn  mixtures  soon  re¬ 
turned  to  brush. 

The  West  Virginia  station  found 
that  broom  sedge  and  poverty  grass, 
in  common  with  other  pasture  grasses, 
were  relatively  high  in  protein  and  low 
in  fiber  early  in  growth,  as  compared 
with  later  stages.  Best  utilization  of 
their  pasturage  involved  reasonably 
early,  close,  and  continuous  grazing 
during  spring  and  early  summer.  Re¬ 
moval  of  the  old  growth  of  broom  sedge 
before  new  growth  appears  permits 
better  grazing  of  the  new  growth. 

Lawns. — Lawn  clippings  left  on  the 
ground  at  the  Ohio  station  were  found 
to  benefit  the  grass;  the  grass  was 
decidedly  darker  green  in  color  and 
more  luxuriant  in  growth  than  where 
clippings  were  removed.  Cutting  late 
in  the  fall  seemed  to  injure  the  lawns. 

Fertilizers  applied  to  lawns  by  the 
Rhode  Island  station  resulted  in 
healthy  turf  and  a  wide  range  in  soil 
reaction.  The  bent  grasses  seemed  to 
be  particularly  tolerant  to  acid  soil 
reaction.  Red  fescue  and  fine-leaved 
fescue  were  very  durable  under  either 
acid  or  alkaline  conditions,  whereas 
redtop  and  crested  dogstail  were  short¬ 
lived.  Kentucky  bluegrass  did  not 
persist  so  well  as  acclimated  bents, 
especially  with  relatively  high  soil 
acidity.  Weeds  were  fewer  as  the 
acidity  increased.  The  Connecticut 
State  station  found  that  top-dressing 
with  readily  available  nitrogen  was 
the  prime  need  for  average  lawn  turf. 

The  Florida  station  found  that 
while  fertilizers  tending  to  make  the 
soil  more  acid  did  not  control  weeds 
in  lawn  grass,  a  mixture  of  aluminum 


sulphate,  kon  sulphate,  and  sand  de¬ 
stroyed  the  weeds  and  seemed  bene¬ 
ficial  to  the  grasses.  St.  Augustine 
and  centipede  grasses  were  outstand¬ 
ing  for  lawns,  and  Italian  ryegrass, 
redtoT).  and  Kentucky  bluegrass  were 
promising  for  winter  lawns. 

CROP  quality 

Recent  trends  toward  the  produc¬ 
tion  of  crops  having  particular  out¬ 
standing  characteristics,  as  better  fiber 
in  fiber  crops,  quality  in  tobacco  and 
sugar  crops,  and  enhanced  protein  con- 
t  e  n  t  indicative  of  bread-making 
quality  in  wheat,  were  evident  in 
agronomic  research  reported  during 
the  year. 

Fiber  crops. — Technological  studies 
carried  out  by  the  Georgia  station  re¬ 
vealed  that  for  the  cotton  varieties 
tested  increase  in  weight  per  inch  of 
hair  (fiber)  was  accompanied  by  in¬ 
crease  in  tensile  strength,  and  that,  in 
general,  mature  and  well-developed 
hairs  were  stronger  than  immature, 
thin-walled  hairs.  Weight  of  hair  per 
unit  length  increased  with  progress 
of  maturity  from  fertilization  until 
the  opening  of  the  bolls.  Short  seed 
hairs  were  heavier  in  proportion  to 
length  than  long  ones,  indicating  that 
ordinarily  long-staple  cottons  have 
finer  lint  than  short  staple.  The 
North  Carolina  station  observed  that 
high  strength  of  drag,  i.  e.,  resistance 
overcome  in  pulling  apart  a  sample  of 
ginned  cotton,  was  not  an  important 
factor  in  yarn  strength  and  in  the 
running  quality  of  cotton. 

The  Texas  station  found  that  most 
commercial  cottons  possess  a  high  de¬ 
gree  of  variability  in  staple.  Varieties 
differed  greatly,  although  not  very  con¬ 
sistently,  in  this  character  in  response 
to  climatic  conditions  and  likewise  in 
production  of  motes  (aborted  ovules), 
which  were  especially  numerous  in  a 
dry  year.  Increases  in  percentage  of 
motes  per  plant  were  accompanied  by 
reduction  in  size  of  boll. 

The  New  Mexico  station  found  that 
cottonseed  grown  in  the  State  would  be 
among  the  highest  in  oil  content,  above 
average  in  protein,  and  average  or  less 
in  gossypol.  Neither  a  pronounced 
seasonal  variation  nor  a  correlation 
with  the  quantity  of  irrigation  water 
was  observed.  Immature  seed  con¬ 
tained  less  oil  and  protein  than  did 
mature  seed. 

The  quality  of  fiber  of  fiax  from  a 
ret  at  pH  7,  at  the  Michigan  station, 
w^as  better  than  or  as  good  as  that 
from  more  acid  or  alkaline  ret.  Re- 
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placing  the  old  water  once  a  day  was 
better  than  replacing  it  every  six  hours, 
since  it  produced  a  fiber  of  better  qual¬ 
ity,  which  was  less  harsh  and  con¬ 
tained  more  nature,  although  it 
hackled  less  line  fiber. 

Tobacco. — The  effects  of  fertilizers 
and  other  treatments  on  the  quality 
and  yield  of  tobacco  at  the  Connecticut 
Tobacco  substation  and  the  Massachu¬ 
setts,  Pennsylvania,  Kentucky,  and 
other  stations  have  been  discussed 
above  under  crop  nutrition.  In  experi¬ 
ments  on  the  culture  of  high-nicotine 
tobacco  the  New  York  State  station 
found  that  the  nicotine  content  com¬ 
pared  very  well  with  similar  tobacco 
grown  in  other  humid  regions,  but 
both  yields  and  nicotine  content  fell 
far  below  those  of  the  same  species 
grown  under  irrigation  in  the  arid 
Southwest.  Plant  selection,  fertiliza¬ 
tion,  careful  topping,  and  culture 
raised  the  nicotine  content  to  a  certain 
extent,  but  not  strikingly,  and  season 
also  appeared  to  be  important.  It  did 
not  seem  practical  for  the  New  York 
fruit  grower  to  grow  his  own  tobacco 
with  the  expectation  of  using  it  for 
spray  purposes. 

Sugar  crops. — The  Arkansas  station 
found  that  late  varieties  of  sorgo 
were  superior  tO'  early  sorts  for  the 
total  production  and  quality  of  sirup. 
The  climatic  conditions  appeared  to 
affect  the  quality  of  juice  of  sugarcane 
at  the  Porto  Rico  Insular  station  more 
than  did  fertilizer  treatments.  Chic¬ 
ory  appeared  as  good  as  or  better  than 
Jerusalem-artichoke  as  a  source  of 
fructose  in  Minnesota  station  studies, 
seeming  to  reach  its  maximum  fruc¬ 
tose  content  relatively  earlier. 

Wheat. — Wheat  grown  on  fallow  by 
the  Montana  station  produced  higher 
yields,  and  the  grain  had  a  higher 
protein  content  than  continuous  wheat. 
These  attributes  were  further  intensi¬ 
fied  by  cultivating  the  fallow.  The 
fallowed  lands  contained  more  mois¬ 
ture  and  nitrate  nitrogen,  which  were 
reflected  in  the  higher  grain  yields 
and  protejn  content.  Several  factors 
influencing  the  protein  content  of 
wdieat  which  appeared  largely  within 
the  control  of  the  farmer,  e.  g.,  good 
farm  practices,  such  as  manuring,  ro¬ 
tating  wheat  with  legumes,  and  clean 
fallow  or  summer  tillage,  give  in¬ 
creased  yields  and  produce  wheat 
crops  higher  in  quality  as  indicated 
by  protein  content. 

A  survey  by  the  North  Dakota  sta¬ 
tion  revealed  that  for  the  State  as  a 
whole  wheat  after  cultivated  crops 


and  legumes  usually  averaged  higher 
in  protein  content  than  wheat  after 
small-grain  crops.  Weed  infestation 
tended  to  lower  protein  content.  The 
Kansas  station  observed  that  the  most 
notable  effect  of  the  cropping  system 
and  the  fertilizer  treatment  was  on 
the  protejn  content  of  wheat,  those 
soil  treatments  giving  a  seed  bed  well 
supplied  with  nitrates  and  producing 
high-protein  wheat.  The  quality  of 
wheat  differed  between  varieties  and 
also  for  different  seasons  for  varieties 
as  a  group. 

Protein  content  was  found  by  the 
Michigan  station  to  vary  within  a 
variety  with  the  size  of  grain,  being 
lower  in  the  smaller  kernels.  The 
hard  kernels  contained  consistently 
more  protein  than  the  soft  kernels, 
but  the  relationship  was  not  apparent 
between  protein  content  of  one  year 
and  that  of  the  progeny,  nor  between 
protein  content  and  breaking  pressure. 
Within  a  pure  line,  environment 
seemed  to  play  an  important  part  in 
determining  the  protein  content  of  the 
white  wheats. 

WEEDS 

Control  by  chemicals  and  cultiva¬ 
tion,  physiological  studies  fundamental 
to  control  measures,  records  of  in¬ 
troductions,  and  surveys  of  distribu¬ 
tion  were  major  station  activities  with 
weeds. 

Sodium  chlorate  was  used  success¬ 
fully  to  control  bindweed  or  wild 
morning-glory  by  the  Kansas,  Oregon, 
and  Washington  stations;  to  control 
quack  grass  by  the  Indiana,  Michi¬ 
gan,  Ohio,  and  Oregon  stations ;  and 
on  Canada  thistle  by  the  Ohio,  Ore¬ 
gon,  and  Washington  stations.  The 
Ohio  station  also  found  the  chemical 
effective  on  oxeve  daisy,  white  snake- 
root,  and  lawn  weeds,  and  the  Mon¬ 
tana  and  Idaho  stations  used  it  suc¬ 
cessfully  on  various  perennial  weeds. 
The  sodium  chlorate  usually  is  ap¬ 
plied  in  solutions  at  times  and  rates 
to  suit  the  particular  cases.  The 
Kansas  station  determined  that 
magnesium  chlorate  and  calcium 
chlorate  could  substitute  for  sodium 
chlorate  in  bindweed  control ;  they 
lack  the  fire  hazard  of  sodium 
chlorate  and  are  more  hygroscopic. 

Carbon  disulphide  applied  in  holes 
in  the  soil  of  infested  areas  by  the 
Colorado  station  killed  successfully  in 
a  single  treatment  such  perennials  as 
morning-glory  and  Russian  knapweed. 
The  current  cost  of  material  and  of 
application  limited  the  use  of  carbon 
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disulphide  to  kill  perennial  weeds  to 
small  areas  and  very  valuable  and 
productive  land.  The  Oregon  station 
found  that  carbon  disulphide  under 
optimum  conditions  was  a  good  herbi¬ 
cide,  but  that,  as  ordinarily  applied, 
it  was  too  expensive  and  not  generally 
successful. 

The  Ohio  station  observed  that  the 
percentage  of  organic  food  reserves  in 
Canada  thistle  decreased  in  the  spring 
during  growth,  reaching  a  minimum 
about  June  1.  Mowing  the  thistle, 
moiL-t  effective  when  begun  June  1,  de¬ 
layed  the  storage  of  food  reserves  and 
thereby  appeared  to  cause  the  death 
of  many  of  the  weaker  plants.  Mow¬ 
ings  made  regularly  a  month  apart 
and  continued  through  four  seasons 
removed  practically  all  the  thistles. 

Buck  brush  in  pasture  lands,  the 
Kansas  station  found,  contained  the 
least  starch  in  both  roots  and  stems 
about  May  15.  The  time  of  least 
quantity  of  stored  food  material 
agreed  with  the  effectiveness  of  cut¬ 
ting,  i.  e.,  cuttings  about  May  15  v/ere 
about  75  per  cent  effective  with  buck 
brush,  and  those  about  June  15  were 
about  50  per  cent  effective  with  sumac. 

Goat  grass  {Aegilops  sp.)  was  ob¬ 
served  by  the  California  station  to  be 
a  serious  pest  on  grazing  lands  and 
iiijuricus  to  livestock.  The  Kansas 
station  found  it  was  a  troublesome 
weed,  especially  in  continuous  wheat, 
as  it  seemed  to  be  a  host  for  wheat 
rust  and  seriously  to  dwarf  the  wheat. 

Henry  M.  Steece. 

HORTICULTURE 

The  year  1929  was  marked  by  con¬ 
sistent  progress  in  various  fields  of 
horticultural  research.  An  outstand¬ 
ing  feature  was  the  publication  of 
papers  dealing  with  fundamental  prob¬ 
lems  in  fioriculture  and  pointing  to  the 
time  when  the  various  lines  of  horti- 
culhiral  activity  will  be  more  nearly 
equally  represented  in  the  field  of  re¬ 
search.  As  usual,  problems  in  pomol¬ 
ogy  were  the  most  prominent  subjects 
of  investigation. 

Fruit-thinning  studies, — Unusual  interest 
was  manifested  in  fruit  thinning,  par¬ 
ticularly  of  the  peach,  a  fruit  possess¬ 
ing  a  strong  tendency  to  annual  over¬ 
production.  The  Illinois  station  pre¬ 
sented  further  evidence  in  support  of 
their  previous  findings  that  peaches 
may  be  thinned  up  to  the  time  of  the 
final  enlargement  without  material  det¬ 
riment  in  size  of  the  remaining  fruits. 
At  this  stage  natural  dropping  had 
ceased,  and  various  insect  and  other  I 


injuries  were  fully  manifested,  and  the- 
selection  of  the  best  fruits  was  there¬ 
by  greatly  facilitated.  Thinning  was 
most  effective  on  strong,  vigorous  trees 
capable  of  sizing  up  their  fruit.  Work¬ 
ing  with  Elberta  peaches,  the  West 
Virginia  station  obtained  similar  evi¬ 
dence  in  regard  to  the  practicability 
of  late  thinning,  and  from  its  results 
and  those  of  the  Illinois  station  tenta¬ 
tively  recommended  late  thinning  as  a 
wise  practice  for  the  grower. 

A  favorable  influence  of  fruit  thin¬ 
ning  upon  the  growth  of  the  Lombard 
plum  was  noted  at  the  Michigan  sta¬ 
tion.  The  difference  in  amount  and 
character  of  growth  in  favor  of  the 
fruit-thinned  trees  was  so  pronounced 
as  to  be  readily  detected  by  the  casual 
visitor  in  the  orchard,  and  exact  meas¬ 
urements  demonstrated  that  the  length 
and  diameter  of  terminal  shoots  and 
of  the  leaves  were  significantly  greater 
on  the  thinned  than  on  the  control 
trees. 

Studies  at  the  New  Hampshire  sta¬ 
tion  with  the  Baldwin  apple  showed 
larger  and  more  highly  colored  fruits 
on  thinned  trees.  However,  the  re¬ 
duced  total  yields  resulting  suggested 
that  thinning  of  this  apple  variety  is 
unprofitable. 

Removing  at  an  early  stage  of  de¬ 
velopment  a  portion  of  the  berries 
from  clusters  of  vinifera  grapes  was 
found  at  the  California  station  to  be 
highly  effective  in  certain  varieties  in 
improving  the  size  and  uniformity  of 
the  individual  berries  and  in  promot¬ 
ing  an  earlier  and  more  uniform  col¬ 
oration.  The  berry  thinning  was  rec¬ 
ommended  for  vineyards  the  fruit  of 
which  has  been  in  the  past  variable  in 
quality  and  of  unsatisfactory  color. 

Fertilizer  studies. — Despite  material  ad¬ 
vancement  in  recent  years  in  the 
knowledge  of  fertilizing  horticultural 
plants,  especially  fruit  trees,  there  can 
be  no  expectation  of  evpr  completely 
solving  all  of  the  manifold  problems, 
since  soils  vary  so  greatly,  even  within 
the  limited  area  of  a  single  orchard. 
It  appears  likely,  therefore,  that  the 
development  of  definite  recommenda¬ 
tions  of  universal  application  can 
scarcely  be  expected,  although  the  gen¬ 
eral  principles  may  be  very  well  un¬ 
derstood.  The  very  important  func¬ 
tion  of  nitrogen  in  the  fertilization  of 
orchard  trees  is  now  quite  well  estab¬ 
lished,  but  as  yet  it  has  not  been  de¬ 
termined  whether  nitrogen  fertiliza¬ 
tion  in  excess  is  detrimental  or  not  to 
the  keeping  quality  and  color  in  the- 
fruit.  The  Pennsylvania  station  ob¬ 
tained  evidence  that  phosphorus  may 
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become  in  time  a  limiting  factor  in 
older  orchards  of  the  State,  principally 
by  its  favorable  influence  on  the 
growth  of  cover  crops  and  through  the 
cover  crop  on  the  supply  of  organic 
matter  in  the  soil. 

The  Arkansas  station  in  a  study  of 
the  effects  of  commercial  fertilizers 
on  the  performance  of  peach  trees 
noted  some  gains  from  phosphorus 
but  concluded  that  these  were  too 
small  and  inconsistent  to  be  accepted 
as  of  significance.  In  the  case  of 
Ben  Davis  apples  grown  on  a  certain 
Arkansas  soil  type,  phosphorus  defi¬ 
nitely  influenced  growth  and  yield. 
With  the  peach  nitrogen  gave  very 
consistent  'and  marked  results  in  both 
yield  and  growth. 

That  potassium  may  under  certain 
conditions  be  of  value  to  peach  trees 
was  indicated  in  preliminary  results 
obtained  at  the  Maryland  station, 
where  yields  in  one  experiment  were 
signifif  antly  larger  with  nitrogen  and 
potasl  in  combination  than  with 
nitrogen  alone.  Phosphorus  had  no 
apparent  effect  when  used  with  nitro¬ 
gen  but  when  used  with  nitrogen  and 
potassium  did  give  certain  increases. 
Evidently  there  are  certain  interrela¬ 
tionships  between  fertilizer  materials 
that  need  further  investigation. 

As  respects  the  time  of  applying 
pitrogen  fertilizers,  the  Maryland 
peach  experiments  tended  to  show 
that  applications  of  sodium  nitrate 
are  most  effective  just  before  the  buds 
begin  to  swell  in  early  spring.  Of 
the  sources  of  nitrogen  for  peach  trees, 
the  Maryland  experiments  suggested 
chat  no  significant  difference  existed 
between  sodium  nitrate  and  ammo¬ 
nium  sulphate,  except  ,in  the  slower 
availability  of  the  ammonium  sul¬ 
phate. 

At  the  Illinois  station,  where  so¬ 
dium  nitrate,  ammonium  sulphate,  and 
calcium  cyanamide  were  applied  to 
28-year-old  Winesap  apple  trees  and 
the  percentage  of  nitrogen  in  the  spurs 
was  determined,  sodium  nitrate  and 
ammonium  sulphate  were  found  to  be 
equally  effective  in  the  case  of  annu¬ 
ally  fertilized  trees,  but  calcium  cyan- 
amide  was  too  slowly  available.  The 
functions  of  less  familiar  fertilizing 
elements,  such  as  boron  and  magne¬ 
sium,  as  yet  have  not  been  considered 
seriously  in  orchard-fertilizing  experi¬ 
ments,  There  were  some  indications, 
however,  from  laboratory  experiments 
with  citrus  at  the  California  station 
and  with  tomatoes  at  the  Maryland 
station  that  a  very  small  but  appre¬ 


ciable  quantity  of  boron  is  essential  to 
plant  growth,  and  the  Massachusetts 
station  observed  that  long-cropped  soils 
may  become  deficient  in  magnesium. 

Pruning  studies.— Despite  the  fact  that 
problems  in  pruning  of  fruit  plants  are 
complicated  by  many  related  factors, 
such  as  fruiting  habit,  vigor  of 
growth,  age  of  tree,  and  winter  in¬ 
jury,  and  other  environmental  causes, 
experimental  horticulturists  have  in 
recent  years  contributed  greatly  to 
the  solution  of  these  problems.  The 
further  need  for  information  on  prun¬ 
ing  is  indicated  in  the  large  number  of 
pruning  projects  under  way  at  the 
stations ;  some  of  these  are  rather  ele¬ 
mentary  in  purpose,  while  others  are 
decidedly  fundamental  and  concern  the 
underlying  relations  between  pruning 
and  growth  and  reproduction. 

That  pruning  may  materially  influ¬ 
ence  the  carbohydrate  metabolism  of 
the  grape  was  shown  at  the  California 
station.  In  general,  decreases  in  the 
amount  of  pruning  were  correlated 
with  increases  in  the  quantity  of  car¬ 
bohydrates  in  the  vine,  and  since  car¬ 
bohydrates  are  vitally  concerned  with 
fruiting,  changes  in  content  are  of 
the  greatest  significance.  A  positive 
correlation  was  noted  between  the 
number  of  leaves  on  a  vine  and  the 
setting  of  berries  and  the  development 
of  the  fruit.  A  decrease  in  leaves  was 
accompanied  by  a  decrease  in  produc¬ 
tion,  lighter  weight  clusters  bearing 
fewer  berries. 

The  importance  of  leaf  area  to  fruit¬ 
ing  in  the  apple  was  shown  in  studies 
at  the  Washington  station  wdth  leaf- 
thinned  Delicious,  Winesap,  and  Jona¬ 
than  apple  trees.  Under  normal 
moisture  and  growing  conditions  leaf 
area  was  found  to  largely  limit  the 
size  and  quality  of  the  fruit.  From 
50  to  75  leaves  per  fruit  were  found 
to  be  necessary  for  the  development 
of  first-class  fiavor  in  the  Delicious 
apple. 

That  moderate  pruning  of  the  re<l 
raspberry  is  beneficial  and  necessary 
was  shown  in  Minnesota  station  stud¬ 
ies  in  which  Latham  canes  were 
pruned  to  15,  36,  and  60  inches.  The 
36-inch  plants  yielded  quite  as  well 
as  the  60-inch  plants  and  produced! 
larger  and  finer  berries,  while  the 
yield  of  the  15-inch  lot  was  reduced 
materially. 

Breeding  investigations. — Breeding  and 
its  related  problems,  such  as  pollina¬ 
tion  and  sterility,  have  received  im¬ 
portant  consideration  by  station  hor¬ 
ticulturists  because  of  their  intimate 
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relations  with  the  improvement  of 
horticulture.  The  varieties  of  the 
present  day  must  of  necessity  often 
give  way  to  improved  varieties  of  the 
future  better  adapted  to  the  rigorous 
climate  of  North  America. 

The  New  Jersey  stations  continued 
their  investigations  in  peach  breeding, 
presenting  further  data  on  the  inherit¬ 
ance  of  various  tree,  fruit,  and  flower 
characteristics.  For  example,  the 
transmission  of  pollen  sterility,  a 
characteristic  strikingly  manifested  in 
the  J.  H.  Hale  peach,  was  found  to 
be  influenced  by  the  male  as  well  as 
the  female  parent.  Peach  varieties  de¬ 
veloped  at  the  New  Jersey  stations 
continued  to  take  an  important  part 
In  the  peach-growing  industry  of  that 
State. 

Working  with  the  apple,  the  New 
York  Cornell  station  found  that  with¬ 
in  a  single  variety  the  vigor  of  the 
individual  tree  exerts  an  important 
Influence  on  the  potency  of  the  pol¬ 
len,  and  that  trees  of  apparently  equal 
vigor  may  differ  widely  in  their  ca¬ 
pacity  to  set  fruit  when  pollinated 
with  the  same  quality  of  pollen. 

Cytological  investigations  at  the 
Arkansas  station  upon  selfed  and 
cross-pollinated  apple  blooms  indi¬ 
cated  that  the  average  rate  of  growth 
-of  the  pollen  tube  in  selfed  pistils  is 
ciefinitely  slower  than  in  cross-polli¬ 
nated  pistils,  and  that  the  number  of 
tubes  reaching  the  locules  is  much 
smaller  in  selfed  pistils,  offering  a 
satisfactory  explanation  for  self- 
sterility  in  the  apple.  Cessation  of 
growth  of  the  pollen  tube  was  fol¬ 
lowed  by  an  enlargement  of  the  end 
both  in  selfed  and  crossed  blooms  but 
more  frequently  in  the  selfed. 

The  Anjou  pear  was  found  by  the 
Oregon  station  to  be  practically  self- 
sierile  but  readily  pollinated  by  Bart¬ 
lett,  Easter  Beurre,  and  other  varie¬ 
ties.  Anjou  blooms  were  successfully 
pollinated  in  cold,  rainy  weather  if 
the  pollen  was  applied  directly  to  the 
stigma,  suggesting  that  the  usual  un¬ 
favorable  pollination  in  inclement 
weather  is  due  to  the  inability  of 
compatible  pollen  to  reach  the  stigmas 
rather  than  to  the  direct  effect  of  low 
temperature. 

Propagation  studies. — Impending  em¬ 
bargoes  on  fruit  and  ornamental  root¬ 
stocks  created  an  unusually  keen  in¬ 
terest  in  propagation  problems,  a  situ¬ 
ation  reflected  in  a  marked  increase 
in  the  number  of  projects  and  of 
papers  dealing  with  the  subject. 


The  Wisconsin  station  reported  that 
the  scion,  especially  when  grafted  di-  ? 

rectly  on  the  root  as  in  piece-root  '' 

propagation,  exerts  a  profound  influ-  ^ 
ence  on  the  character  of  the  root  ^ 
growth,  whereas  budded  trees  and  [ 
trees  which  were  grafted  above  the  ’ 
crown  had  variable  roots  more  like  ' 
the  original  seedlings.  The  Maryland 
station  found  that  the  male  parent  of 
apple  seedlings  had  considerable  in¬ 
fluence  on  the  growth,  as  measured  in 
height  development  the  first  and 
second  years.  The  male  parent  also  ! 
influenced  the  uniformity  of  the  seed¬ 
lings,  since  the  several  progenies  were 
less  variable  than  the  entire  lot. 

The  Tennessee  station  found  that 
rubber  tape  could  be  advantageously 
substituted  for  raphia  in  the  tying  of 
buds.  The  Michigan  station  found 
that  German  peat  was  an  extremely 
satisfactory  medium  for  rooting  blue¬ 
berry  cuttings,  but  that  immeision  of 
the  cuttings  for  24  hours  in  such 
materials  as  potassium  permanganate, 
acetic  acid,  and  dilute  sugar  solutions 
is  of  little,  if  any,  benefit. 

Studies  at  the  Michigan  station  of 
various  types  of  graft  unions  and  of  ’ 
the  tissues  of  healed  vrounds  led  to 
the  conclusion  that  the  swellings  often 
occurring  at  the  union  of  stock  and  | 
scion  are  not  associated  with  a  lack 
of  congeniality.  Indeed  the  largest 
swellings  were  often  found  in  con¬ 
genial  grafts. 

The  Pennsylvania  station  working 
with  young  apple  trees  growing  on 
vegetative  and  seminally  propagated 
rootstocks  found  that  trees  on  the  i 
vegetative  rootstocks  became  increas-  1 
ingly  uniform,  even  though  at  the 
beginning  they  were  distinctly  more 
variable  than  the  selected  commercial  . 
stock  on  seedling  roots. 

Frmt-handlijng  stuslies.— Presenting  fur¬ 
ther  evidence  in  long-continued  studies 
on  the  harvesting,  storing,  and  ripen¬ 
ing  of  pears,  the  Oregon  station  re¬ 
ported  that  pears  have  a  definite 
storage  life  beyond  which  they  do  not 
ripen  satisfactorily,  notwithstanding 
ideal  temperature  and  humidity  con¬ 
ditions.  The  Bartlett  was  found  to 
keep  from  40  to  50  days,  Bose,  Comice, 
and  Seckel  90  to  100  days,  Howell  100 
to  120  days,  Anjou  150  to  180  days, 
and  Winter  Nelis  160  to  180  days.  A 
few  days  at  from  65  to  70°  P.  follow¬ 
ing  removal  from  cold  storage  were 
required  to  produce  prime  condition  in 
pears.  In  studying  ripening  changes 
in  sweet  cherries  the  Oregon  station 
found  that  important  changes  occur 
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ill  the  weight,  siiae,  color,  and  sugar 
and  solids  content  during  the  ripen¬ 
ing  period,  so  that  time  of  picking  had 
a  verj^  material  influence  on  yield  and 
quality.  Tree-ripened  cherries  reached 
eastern  markets  successfully,  suggest¬ 
ing  the  desirability  of  leaving  fruit 
on  the  tree  until  it  has  developed  high 
quality, 

A  new  system  of  grading  prunes, 
developed  at  the  Oregon  station  and 
based  on  the  flotation  principle  in  solu¬ 
tions  of  either  salt  or  sugar  in  which 
both  dried  and  fresh  fruits  were  suc- 
cesfully  separated  into  various  sizes, 
proved  much  more  accurate  in  respect 
to  differential  quality  of  the  resulting 
product  than  the  old  system  of  grad¬ 
ing  by  size  alone. 

Experimtiistal  vegetable  studies. — The  con¬ 
tinued  expansion  of  fundamental  in¬ 
vestigation  with  vegetables  during 
1929  demonstrated  that  horticulturists 
are  appreciating  the  adaptability  of 
vegetables  with  their  relatively  short 
life  cycle  and  small  size  of  individual 
plant  as  material  for  investigation. 
Important  progress  was  reported  dur¬ 
ing  the  year  in  the  breeding  of  vege¬ 
table  crops. 

In  studies  of  the  relation  of  sex  in 
asparagus  to  production  the  Califor¬ 
nia  station  presented  further  evidence 
in  favor  of  male  plants.  Computed  to 
an  acre  basis,  male  Palmetto  plants 
produced  nearly  15  per  cent  more  mar¬ 
ketable  asparagus  than  did  the  female 
plants.  The  superior  productivity  of 
male  asparagus  was  also  established 
at  the  Massachusetts  station. 

Extensive  studies  with  various 
species  of  cucurbitaceous  plants,  such 
as  squash,  pumpkins,  and  vegetable 
marrows,  at  the  Iowa  station  showed 
that  these  species  hybridize  with  ex¬ 
treme  difficulty.  Of  a  total  of  more 
than  3.000  pollinations,  including  re¬ 
ciprocals,  only  3  or  4  fruits  with  fer¬ 
tile  seeds  were  secured.  Within  a 
species  varietal  crosses  were  readily 
accomplished,  and  the  maintenance  of 
pure  lines  by  continued  self-pollina¬ 
tion  was  found  entirely  feasible. 

Lettuce-breeding  studies  at  the  Illi¬ 
nois  station  involving  crosses  among 
cultivated  varieties  and  between  the 
cultivated  varieties  and  the  wild  let¬ 
tuce,  Lactuca  scariola,  showed  decided 
dominance  of  certain  characters,  such 
as  anthocyanin  pigment,  black  seed 
color,  and  prickliness  of  leaves.  The 
California  station  determined  that  the 
period  of  receptivity  of  the  stigmas 
of  celery  flowers  continued  for  sev¬ 
eral  days,  and  that  fertilization  gen¬ 
erally  did  not  occur  until  approxi¬ 


mately  eight  days  after  anthesis.  The 
somatic  chromosome  number  in  the 
root  tip  cells  was  established  as  22. 

Physiological  studies  with  vegetables 
were  numerous.  In  a  study  by  the 
Maryland  station  of  factors  concerned 
in  the  premature  seed  production  of 
cabbage  overwintered  in  the  field,  the 
conclusion  reached  was  that  the 
amount  of  reserve  foods  stored  in  the 
young  plant  in  late  autumn  was  the 
critical  factor  in  determining  seeding 
behavior.  Large  plants  resulting  from 
unusually  favorable  autumnal  weather 
were  especially  inclined  to  develop  pre¬ 
mature  flower  stalks.  In  a  comparable 
study  with  celery  the  New  York  Cor¬ 
nell  station  found  that  cool  tempera¬ 
ture  during  the  early  life  of  the  plants 
in  the  seed  bed  or  field  is  the  con¬ 
trolling  factor  in  respect  to  seed-stalk 
production.  Comparatively  low  tem¬ 
peratures,  40°  to  50°  F.,  when  con¬ 
tinued  for  10  or  more  days  greatly  in¬ 
creased  the  tendency  to  premature 
blooming.  It  was  suggested  that  some 
specific  type  of  amino  acid  may  re¬ 
sult  from  the  continued  cool  tempera¬ 
ture  and  may  possibly  be  the  initiat¬ 
ing  factor  in  blossom-bud  formation. 

The  Maryland  station  reported  that 
under  normal  cultural  conditions  tem¬ 
perature  is  the  most  potent  factor 
concerned  in  the  development  and 
yield  of  the  pea  plant.  At  higher  tem¬ 
peratures  a  shorter  time  was  required 
for  the  pea  to  reach  any  given  stage 
of  development,  and  the  weight  of 
plant,  the  weight  of  the  pods,  and  the 
number  of  pods  were  reduced.  Chem¬ 
ically,  no  significant  dilference  was 
established  between  'peas  ripening  in 
cool  and  those  ripening  in  hot  weath¬ 
er,  but  the  time  during  which  a  lot  of 
peas  were  fit  for  canning  or  eating 
was  materially  shortened  by  high 
temperature. 

Dividing  the  tomato  fruit  into  five 
portions,  the  Indiana  station  found 
that  the  outer-wall  and  inner-wall  sec¬ 
tion  was  the  most  valuable  part  be¬ 
cause  it  contained  a  higher  percentage 
of  dry  matter,  of  insoluble  red  solids, 
and  of  sugars.  The  higher  quality 
often  observed  in  the  early-maturing 
fruits  of  tomato  plants  was  believed 
to  be  associated  with  a  larger  percent¬ 
age  of  the  desirable  outer  and  inner- 
wall  tissue.  The  Virginia  Truck  sta¬ 
tion  found  that  spinach  plants  were 
rather  sensitive  to  acidity  reaction  of 
the  cultural  medium  in  which  they 
grew,  leaf  growth  attaining  a  maxi¬ 
mum  development  at  pH  5.5  and  a 
minimum  at  pH  4. 
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The  current  idea  of  a  close  associa¬ 
tion  between  the  number  and  size  of 
the  fibrovascular  bundles  in  celery  and 
stringiness  was  dispelled  by  the  Illi¬ 
nois  station,  which  established  that 
collenchyma  was  the  only  tissue  asso¬ 
ciated  with  stringiness,  the  causative 
factor  being  the  hardness  of  the  ceil 
walls.  Pithiness  was  attributed  to 
the  breaking  down  of  parenchyma 
cells,  and  no  bast  fibers  were  found 
in  any  of  the  varieties. 

The  Virginia  Truck  station  found 
several  of  the  synthetic  nitrogen  fer¬ 
tilizers  to  be  etfective  for  spinach 
when  used  as  top-dressings  in  com¬ 
plete  combinations.  AVhen  applied  on 
the  basis  of  equal  contents  of  actual 
nitrogen,  the  resulting  yields  resem¬ 
bled  those  secured  with  a  mixture  of 
sodium  nitrate  and  ammonium  sul¬ 
phate. 

At  the  Maryland  station  commercial 
fertilizers  replaced  manure  satisfac¬ 
torily  in  fertilizing  asparagus  in  field 
plats.  In  controlled  sand  cultures, 
Iiowever,  manure  proved  highly  essen¬ 
tial,  suggesting  that  the  initial  content 
of  organic  matter  in  the  soil  is  an 
important  factor  in  determining  fer¬ 
tilizer  requirements. 

Floricultiiral  sSisdies. — Significant  among 
the  investigations  with  ornamental 
plants  was  the  observation  of  the  Ohio 
station  that  chrysanthemums  thrived 
under  a  comparatively  wide  pPI  range, 
5  to  8.5,  within  which  no  material 
effect  was  noted  on  the  diameter  of 
bloom  or  length  of  stems.  Plant  selec¬ 
tion  on  the  basis  of  high  and  low  pro¬ 
ducing  parents  failed  to  show  any 
transmission  of  these  characteristics, 
provided  the  stock  plants  were 
healthy. 

The  Rhode  Island  station,  working 
upon  the  sterility  problem  in  the 
gladiolus,  found  several  types  of 
sterility  in  one  of  which  the  pollen  and 
ovules  were  aborted  and  in  another 
the  pollen  grains  and  ovules  were 
apparently  perfect  but  incapable  of 
functioning.  The  large-flowered  gar¬ 
den  varieties  were  generally  self- 
sterile  and  the  primulinus  hybrids 
self-fertile. 

A  relation  between  length  of  day 
and  capacity  for  winter  forcing  in  the 
gladiolus  was  shown  in  studies  at 
the  Illinois  station.  Corms  of  the 
Virginia  variety  planted  in  the  green¬ 
house  in  October  bloomed  10  days 
earlier  than  and  produced  more  than 
twice  as  many  blooms  under  artificial 
Imht  as  did  the  controls  under  normal 
J.  W.  Wellington. 


PLANT  DISEASES 

Plant-disease  investigations  by  the 
experiment  stations  ,in  1929  were  char¬ 
acterized  by  a  revival  of  interest  in 
certain  of  the  older  unsolved  problems, 
notably  the  control  of  fire  blight  in 
pome  fruits  and  control  of  scab  and 
Rhizoctonia  scurf  in  the  potato.  How¬ 
ever,  substantial  progress  was  also 
recorded  along  other  lines. 

DISEASE-CONTrOL  STUDIES 

Fire  blight. — At  least  three  stations — - 
Arkansas,  Michigan,  and  Wisconsin — 
made  valuable  contributions  to  the 
knowledge  of  the  nature  and  control 
of  fire  blight  in  pomes.  All  of  these 
stations  concurred  in  concLiding  that 
the  tissues  immediately  surrounding 
the  hold-over  cankers  on  the  trunk 
and  branches  are  the  principal  over¬ 
wintering  harbors  for  the  organism 
and,  incidentally,  that  much  benefit 
accrues  from  the  systematic  cutting 
out  of  these  cankers  during  the  dor¬ 
mant  season.  Apple  varieties  were 
rated  by  the  Wisconsin  station  in  re¬ 
gard  to  their  susceptibility  to  fire 
blight,  and  a  distinct  correlation  was 
shown  between  susceptibility  and  the 
comparative  number  of  hold-over 
cankers.  Each  of  the  stations  named 
above  reported  that  insects  and  rain 
are  the  principal  agents  concerned  in 
the  transfer  of  the  disease,  and  pre¬ 
sented  evidence  that  the  pathogene 
can  enter  the  tissues  of  healthy  leaves 
through  the  stomata.  The  Arkansas 
station  also  found  that  flower  tissues 
could  be  penetrated  in  the  same  man¬ 
ner,  fire-blight  bacteria  progress, ingj 
through  apple-petal  tissue  by  dissolv¬ 
ing  the  cell  walls,  the  contents  of 
which  apparently  serve  as  an  excel¬ 
lent  source  of  food  for  the  organism. 
No  obligatory  relationship  was  found 
between  blight  on  the  apple  and  blight 
on  the  pear,  either  fruit  being  appar¬ 
ently  a  complete  host,  although  it  was 
noted  that  the  disease  usually  was 
more  v,irulent  on  the  pear. 

The  Oregon  station  continued  work 
on  the  breeding  of  fire-blight-resistant 
pear  stocks,  one  variety  being  located 
which  was  a  potent  parent  of  resistant 
seedlings.  Spraying  pear  trees  with 
Bordeaux  mixture,  3-6-50,  just  before 
and  after  blooming  was  found  by  the 
Oregon  station  to  lessen  materially 
the  number  of  blight  infections.  The 
Tennessee  station  found  that  Pijrus 
caUeryana  was  a  promising  blight-re¬ 
sistant  pear  stock  and  was  also  strong¬ 
ly  resistant  to  certain  leaf  spots  whicli 
caused  serious  defoliation  injury. 
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Apple  diseases. — At  the  Wisconsin  sta¬ 
tion  liquid  lime-sulphur,  1  pint  to  40 
of  water,  was  found  to  be  the  most 
efficient  control  for  apple  scab.  Lime- 
sulphur  and  Bordeaux  mixture  proved 
more  adhesive  than  dusts,  oil  sprays, 
or  other  combinations,  and  the  addi¬ 
tion  to  sulphur  dusts  of  potassium  per¬ 
manganate  as  an  oxidizer  did  not  in¬ 
crease  their  effectiveness,  although  po¬ 
tassium  permanganate  possessed  cer¬ 
tain  fungicidal  properties  when  used 
ulone. 

The  New  York  Cornell  station  found 
three  distinct  rust  diseases  attacking 
the  apple  in  the  Hudson  River  Valley 
and  designated  them  as  the  apple, 
hawthorn,  and  quince  rusts.  The  ap¬ 
ple  and  quince  rusts  were  observed  to 
cause  direct  and  serious  infections  of 
the  fruit,  while  the  hawthorn  rust  oc¬ 
casionally  was  injurious  to  foliage. 
Eradication  of  red  cedar  was  found  a 
very  important  measure  in  the  control 
of  all  three  rusts. 

Calcium  sulphide  was  found  by  the 
Virginia  station  to  be  highly  promis¬ 
ing  for  disease  control  on  varieties 
of  apple  and  peach  whose  fruit  and 
foliage  are  easily  injured  by  certain 
sprays.  Better  results  were  obtained 
on  apples  with  calcium  sulphide  than 
with  a  customary  lime-sulphur  Bor- 
deaux-mixture  schedule.  Calcium  sul¬ 
phide  was  not,  however,  effective  in 
the  control  of  bitter  rot. 

Potato  diseases. — That  the  treatment  of 
seed  potatoes  to  prevent  the  develop¬ 
ment  and  spread  of  seed-borne  dis¬ 
eases  has  not  yet  been  perfected  fully 
was  evident  in  the  number  of  papers 
published  thereon  and  the  somewhat 
conflicting  results.  The  Nebraska  and 
Kansas  stations,  reporting  separately, 
asserted  that  hot  formaldehyde  was 
a  highly  effective  treatment  for  con¬ 
trol  of  Rhizoctonia  and  scab  on  seed 
potatoes.  The  Wisconsin  station,  on 
the  other  hand,  reported  the  best  con¬ 
trol  with  corrosive  sublimate.  That 
d'fferences  in  environmental  condi¬ 
tions  may  have  caused  the  contrary 
results  is  suggested  in  the  fact  that 
the  Kansas  station  found  the  highest 
efficiency  of  hot  formaldehyde,  1  to 
120  strength,  in  a  three  to  four  min¬ 
ute  immersion  at  124-126°  F.  With 
lower  temperatures  and  shorter  im¬ 
mersions  the  effectiveness  decreased 
materially.  Fall  treatment  was  as  suc¬ 
cessful  as  spring  treatment  and  had 
no  effect  on  the  rest  period  of  the 
tubers. 

The  VvTsconsin  station  found  that 
germination  and  early  growth  of  po¬ 


tatoes  were  stimulated  by  immersion 
in  solutions  of  some  of  the  organic- 
mercury  compounds.  The  New  York 
Cornell  station,  working  on  Long  Is¬ 
land,  obtained  increased  yields  aver¬ 
aging  only  2  per  cent  and  suggests 
that  these  are  too  slight  to  justify  the 
cost  of  treating  potatoes  with  organic- 
mercury  materials.  It  is  pointed  out, 
however,  that  in  these  experiments 
only  the  highest  grade  of  certifled  seed 
was  used. 

Addition  of  organic-mercury  disin¬ 
fectants  to  the  fertilizer  applied  be¬ 
fore  planting  in  tests  at  the  New  Jer¬ 
sey  stations  was  quite  effective  in  con¬ 
trolling  potato  scab  but  had  a  dele¬ 
terious  effect  on  growth  and  yield. 

As  determined  by  the  Vermont  sta¬ 
tion,  net  necrosis  in  the  potato  is  ap¬ 
parently  the  initial  symptom  of  leaf- 
roll  infection  and  was  produced  ex¬ 
perimentally  in  healthy  plants  by  the 
transfer  by  aphids  of  leaf-roll  virus 
from  diseased  plants.  Tubers  show¬ 
ing  net  necrosis  contained  larger  quan¬ 
tities  of  lignin,  suberin,  and  pectic 
substances  than  did  healthy  stock. 

Miscellaneous  diseases. — Dipping  sweet- 
potato  plants  in  Bordeaux  mixture  or 
thoroughly  dusting  them  with  a  cop¬ 
per-sulphur-lime  dust  just  before 
transplanting  was  found  at  the  North 
Carolina  station  to  be  highly  beneficial 
in  reducing  wilt  or  stem  rot,  particu¬ 
larly  when  healthy  seed  stock  was  em¬ 
ployed.  The  dipping  or  dusting  of  in¬ 
fected  plants  did  not,  on  the  other 
hand,  reduce  disease  materially.  Dip¬ 
ping  sweetpotato  slips  in  corrosive 
sublimate  or  organic-mercury  solu¬ 
tions  was  found  by  the  New  Jersey 
stations  to  reduce  hie  proportion  of 
diseased,  plants  in  the  field. 

At  the  Arizona  station  spread  of 
cotton  root  rot  in  the  soil  was  pre¬ 
vented  by  treating  the  soil  with  solu¬ 
tions  of  formaldehyde  and  cresylic 
acid.  Open  trenches  20  inches  deep 
were  ineffective.  The  appearance  of 
the  fungus  on  dead  roots  led  to  the 
suggestion  that  cotton  root  rot  may 
exist  in  nature  as  a  saprophyte  in  the 
absence  of  living  root  tissue. 

Finding  that  vaporized  sulphur  is 
effective  in  control  of  leaf  mold  on 
gieenhouse  tomatoes,  the  Massachu¬ 
setts  station  perfected  an  electrically 
operated  device  for  vaporization  of 
sulphur. 

The  Wisconsin  station  found  that 
dead  plant  tissues,  particularly  of 
tobacco,  are  an  important  factor  in 
the  overwintering  '  of  tobacco-mosaic 
virus  and  recommends  systematic  ro- 
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tiitions  for  seed  beds  and  field  crops, 
supplemented  by  sanitary  measures  in 
tbe  Imndling  of  crop  refuse  to  prevent 
transfer  of  the  di^  ease  to  clean  fields. 

Applied  in  single  applications  -at 
time  of  seeding,  chemicals  such  as 
aluminum  sulphate,  corrosive  subli¬ 
mate,  and  various  organic-mercury 
compounds,  either  as  liquids  or 
powders,  were  found  by  the  New  York 
Cornell  station  to  be  highly  effective 
in  controlling  the  damping-off  of  Nor¬ 
way  spruce  and  red  and  white  pine 
seedlings.  Aluminum  sulphate  cost 
much  less  than  the  mercury  com¬ 
pounds. 

DISEA  SE-RESIST  ANCE  STUDIES 

Corn. — Investigations  by  the  Iowa 
station  of  the  resistance  of  pure  lines 
of  corn  to  smut,  Diplodia,  and  Fu- 
sarium  infections  revealed  marked 
differences  in  resistance,  even  in  very 
closely  related  strains,  and  gave 
promise  of  the  development  of  resist¬ 
ant  varieties.  That  the  structure  of 
the  corn  nlant  is  an  important  factor 
ill  resistance  to  smut  was  evident  in 
the  occurrence  of  74  per  cent  infection 
in  plants  with  open  terminal-leaf 
spirals,  as  compared  with  its  occur¬ 
rence  in  27.3  per  cent  of  the  plants 
with  closed  spirals. 

Wheat. — An  association  between  the 
age  of  the  wheat  plant  and  its  resist¬ 
ance  to  disease  was  observed  at  the 
Kansas  station,  where  certain  varieties 
highly  susceptible  to  a  given  physio¬ 
logic  strain  of  leaf  rust  during  the  seed¬ 
ling  stage  became  strongly  resistant  at 
heading  time.  Other  varieties  changed 
very  little,  if  at  all,  and  any  variety 
resistant  or  rust  free  in  the  seedling 
stage  continued  resistant  throughout 
its  entire  existence.  Latent  resistance 
of  the  kind  described  was  found  in 
varieties  of  wheat  representing  the 
most  important  types  for  the  manu¬ 
facture  of  bread  flour. 

Comparable  evidence  was  obtained 
by  the  Minnesota  station  in  studies  of 
the  nature  of  resistance  of  wheat  to 
stem  rust.  Young  leaves  opened  their 
stomata  earlier  in  the  morning  and 
kept  them  open  longer  than  did  older 
leaves.  Since  the  fungus  enters  the 
plant  through  the  stomata  and  since 
the  critical  period  for  infection  is  in 
the  early  morning,  younger  leaves 
were  obviously  more  susceptible.  It 
is  pointed  out  that  because  of  this 
situation  varieties  ordinarily  resistant 
in  the  field  may  be  susceptible  in  the 
seedling  stage.  Direct  sunlight  was 
the  most  important  of  various  factors 


concerned  in  the  opening  of  cereal 
stomata. 

Beans. — The  Wisconsin  station  con» 
eluded  that  often  it  ,is  more  practical 
to  purchase  bean  seed  from  favorable 
growing  districts  than  to  attempt  to 
breed  resistance  to  certain  seed-borne 
diseases,  such  as  blight,  anthracnosey 
and  mosaic. 

Cabbage. — Resistance  to  yellows  was 
found  by  the  Wisconsin  station  to  be 
dominant  to  susceptibility  and  appar¬ 
ently  controlled  by  a  single  genetic 
factor.  Concerning  black  rot  of  cab¬ 
bage,  the  results  indicated  that  parent 
plants  showing  only  little  infection 
may  be  a  potential  source  of  disease 
through  their  seeds. 

J.  W.  Wellington. 

ECONOMIC  ENTOMOLOGY 

There  was  continued  advance  by  the 
stations  in  work  in  economic  entomol¬ 
ogy.  Investigation  with  insecticides, 
attractants,  and  repellents  as  adapt¬ 
ed  to  the  control  of  some  of  the  more 
important  pests  was  particularly  ac¬ 
tive.  Search  for  effective  substitutes 
for  arsenical  poisons  with  a  view  to 
solving  the  residue  problem  also  was 
actively  pressed.  Increasing  atten¬ 
tion  was  given  to  the  oriental  fruit 
moth,  which,  although  of  especial  im¬ 
portance  as  a  peach  pest,  is  complicat¬ 
ing  control  work  with  the  codling  moth 
in  apples. 

Fruit  insects. — Codling-moth  control 
continued  to  be  a  major  subject  of  in¬ 
vestigation.  Certain  oil  sprays  and 
oils  combined  with  other  insecticides 
were  found  by  the  Illinois  station  to 
be  fully  as  effective  as  lead  arsenate 
when  used  as  late-brood  sprays  in  com¬ 
bating  the  codling  moth,  although  they 
can  not  be  used  throughout  the  year. 
The  Washington  station  found  that 
the  addition  of  fish  oil,  a  semidrying 
oil,  caused  lead  arsenate  to  adhere 
better  to  fruit  and  foliage  and  to  give 
increased  protection  to  fruit.  Lead 
arsenate  in  the  proportion  1  to  100 
and  fish  oil  0.25  per  cent  gave  as  good 
results  as  twice  that  quantity  of  lead 
arsenate  used  alone.  Tests  indicated 
that  materials  added  to  lead  arsenate 
to  increase  its  adhering  or  sticking 
properties  enhanced  its  insecticidal 
value.  Oil  sprays  were  effective  when 
combined  with  such  insecticides  as 
lead  arsenate  and  nicotine  sulphate, 
especially  with  nicotine.  The  Massa¬ 
chusetts  station  observed  that  a  spray 
applied  three  weeks  after  the  calyx 
spray  is  more  effective  in  combating 
the  plum  curculio  and  codling  moth 
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tbaii  was  hitlierto  supposed.  The  New 
Jersey  stations  found  that  both  talc 
and  mica  dusted  on  foliage  bearing 
codling-moth  eggs  killed  the  young 
larvae. 

In  tests  at  the  Indiana  station  baits 
containing  geraniol  proved  very  attrac¬ 
tive  to  codling  moths,  particularly  dur¬ 
ing  the  dry  summer  months.  Aromatic 
chemicals  used  alone  were  of  no  value 
under  Indiana  conditions.  Bait  traps 
were  used  successfully  at  the  Califor¬ 
nia  station  as  indicators  of  codling- 
moth  activity  and  as  a  means  of  tim¬ 
ing  sprays.  The  use  of  bait  traps  as 
a  supplementary  control  was  unecv)- 
nomical  in  Indiana  where  the  injury 
could  be  held  to  10  per  cent  or  less  by 
banding,  orchard  sanitation,  or  other 
means.  The  New  Jersey  stations  ob¬ 
served  that  91  per  cent  of  the  emerg¬ 
ing  moths  came  from  the  trunk  in  the 
rough  bark  region  and  9  per  cent  came 
from  the  top.  In  experiments  with 
the  codling  moth  on  the  English  wal¬ 
nut,  a  relatively  large  percentage  of 
■worms  was  found  by  the  California 
station  to  be  killed  by  lead  arsenate 
applied  a  week  or  two  after  they 
hatched. 

With  the  oriental  fruit  moth  the 
New  Jersey  stations  found  nicotine 
sulphate  alone  to  be  more  effective  in 
killing  eggs  in  the  black-spot  stage  and 
larvae  just  emerged  than  was  the  nico¬ 
tine  sulphate  with  resin  fish-oil  soap 
added.  In  laboratory  tests  in  which 
coarsely  ground  automobile  tire  mica 
wms  dusted  on  peach  foliage,  a  high 
percentage  of  the  newly  hatched  lar¬ 
vae  of  the  oriental  fruit  moth  was 
killed  before  reaching  a  point  of  en¬ 
try.  Field  tests  with  talc  and  mica 
showed  that  talc  sticks  better  and  is 
more  effective  than  mica  or  hydrated 
lime  in  reducing  larval  entry  into 
peach  twigs. 

In  further  control  experiments  with 
the  pear  psylla  at  the  New  York  State 
station,  all  lubricating  oils  tested  in 
cold-mix  emulsions  and  the  various 
commercial  oil  preparations  proved  ef¬ 
fective  in  reducing  the  number  of 
adults  and  rendering  the  trees  uncon¬ 
genial  to  them.  A  late  dormant  ap¬ 
plication  of  one  of  the  oil  emulsions 
or  miscible  oils  by  the  Michigan  sta¬ 
tion  resulted  in  comparative  freedom 
from  the  pear  psylla  during  the  first 
half  or  two-thirds  of  the  growing 
season  and  sometimes  for  the  entire 
season. 

In  experiments  on  the  control  of  the 
San  Jose  scale  in  peach  and  apple 
orchards  at  the  New  Mexico  station. 


practically  lOO  per  cent  control  was 
obtained  from  a  delayed  dormant  ap¬ 
plication  of  a  4  per  cent  oil  emulsion 
with  casein  spreader,  no  injury  to  the 
trees  being  observed.  The  Michigan 
station  found  that  the  oil  sprays  are 
not  to  be  relied  upon  in  combating 
aphids  attacking  tree  fruits,  but  that 
nicotine  sulphate  should  be  applied  in 
the  late  dormant  or  prepjnk  stage. 
The  New  Jersey  stations  found  that 
the  application  of  oil  emulsion  and 
free  nicotine  or  oil  emulsion  and  crude 
cresylic  acid,  0.5  per  cent  strength, 
destroyed  approximately  100  per  cent 
of  the  eggs  of  the  European  red  mite 
and  apple  aphids  without  appreciable 
damage  to  the  tree. 

The  use  of  a  dust  consisting  of  so¬ 
dium  fluosilicate  70'  per  cent  and  di- 
atomaceous  earth  30  per  cent,  applied 
at  the  rate  of  50  pounds  per  acre,  was 
found  by  the  California  station  to 
give  satisfactory  control  of  the  snowy 
tree  cricket  on  raspberry  in  the  Santa 
Clara  Valley,  where  it  has  caused 
heavy  losses.  This  dust,  applied  be¬ 
tween  the  first  and  second  crops,  when 
few  or  no  berries  were  on  the  bushes, 
gave  perfect  control  in  15  days. 

The  false-blossom  disease  of  culti¬ 
vated  cranberries,  which  has  spread 
rapidly  in  New  Jersey  during  the  last 
five  years,  was  found  by  the  New  Jer¬ 
sey  stations  to  be  carried  from  plant 
to  plant  in  a  bog  by  the  blunt-nosed 
leaf  hopper  {EusceKs  striafulus 
(Fallen)).  The  spread  of  the  disease 
was  controlled  by  a  late  reflow  of  the 
bog,  made  as  soon  as  all  of  the  leaf 
hoppers  had  hatched,  supplemented  by 
kerosene  sprayed  on  floating  leaf  hop¬ 
pers.  Eggs  were  destroyed  by  holding 
the  winter  flowage  until  July  5.  Con¬ 
trol  was  also  obtained  by  the  use  of 
pyrethrum  sprays.  An  important  dis¬ 
ease  of  the  black-headed  fireworm  on 
cranberries  was  found  by  the  Massa¬ 
chusetts  station  to  be  caused  by  Fn- 
toniophthora  spliaerosperma.  This 
fungus  appears  to  be  killed  directly 
or  indirectly  by  late  spring  or  summer 
flooding  or  by  sanding  or  spraying. 

The  Florida  station,  using  calcium 
cyanide  dusted  under  the  fumigation 
tents,  found  a  heavier  concentration 
of  gas  necessary  to  kill  white  flies  than 
either  the  purple  scale  or  the  Florida 
red  scale.  This  station  observed  that 
the  southern  green  stinkbug  is  at¬ 
tracted  to  Crotalaria  when  it  begins 
to  bloom,  and  that  it  will  not  leave 
the  plants  for  citrus  fruits  as  long  as 
green  succulent  pods  remain  on  the 
plants.  Beta-naphthol  treated  bands 
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were  found  by  the  California  station 
to  prevent  reinfestation  by  mealybugs 
attempting  to  ascend  tlie  trees  after 
they  had  been  washed  off  by  a  stream 
of  water.  Trapping  and  destroying  the 
ovipositing  mealybugs  and  egg  masses 
on  bands  or  pieces  of  burlap  placed  in 
the  trees  was  a  promising  supplemen¬ 
tary  practice.  In  the  control  of  fire 
ants  on  the  trunks  of  citrus  trees,  the 
Texas  station  obtained  good  results 
from  dry  sulphur  or  sulphur  wash. 

An  almost  complete  control  of  the 
willow  weevil  was  obtained  by  the 
California  station  with  baits  of  wil¬ 
low  twigs  treated  with  Paris  green 
placed  at  the  base  of  each  tree,  which 
was  also  banded  with  a  sticky  prep¬ 
aration. 

Field  crop  insects. — The  Michigan  sta¬ 
tion  observed  that  many  European 
corn  borers  occur  in  corn  stubble,  that 
low-cut  stubble  harbors  fewer  borers 
than  high  stubble,  and  that  those  be¬ 
low  the  ground  as  well  as  those  in 
short  stubble  may  he  disposed  of  by 
clean  plowing.  The  Ohio  station  re¬ 
ported  that  where  ear  corn  is  kept  dry 
the  European  corn  borers  contained 
therein  are  not  an  important  source 
of  reinfestation  in  that  State,  and  that 
this  applies  likewise  to  borers  over¬ 
wintering  in  barn-stored  fodder.  The 
California  station  found  that  the  ap¬ 
plication  of  extra-light  sodium  fluosili- 
cate  (70  to  75  per  cent)  at  the  time 
ears  reached  market  maturity  was  the 
most  effective  method  of  protecting 
sweet  corn  from  infestation  by  the 
corn  ear  worm.  Black  pepper  and  a 
pyrethrum  extract  showed  promise  as 
repellents.  Tire  severe  damage  to 
young  corn  following  red  clover  caused 
by  the  grape  colaspis,  the  Illinois  sta¬ 
tion  found,  could  be  controlled  by  early 
fall  or  early  spring  plowing  in  the 
clover  field ;  most  of  the  damage  oc¬ 
curred  in  tlie  fields  plowed  late  in  the 
spring.  The  South  Carolina  station 
found  that  the  maize  billbug  can  with¬ 
stand  complete  submergence  in  water 
for  three  weeks. 

With  the  boll  weevil  the  Florida  sta¬ 
tion  f^nnid  the  most  effective  and  eco¬ 
nomical  method  of  poisoning  to  be  the 
application  of  the  arsenical  as  soon 
as  the  cotton  first  squares  and  continu¬ 
ing  for  about  four  weeks  or  through 
June,  by  which  time  practically  all  of 
the  weevils  emerging  from  hibernation 
in  the  open  have  found  their  vray  to 
the  cotton  fields.  Hibernation  studies 
during  three  successive  seasons  showed 
the  heaviest  emergence  to  extend  from 
late  in  IMay  through  June,  the  maxi¬ 


mum  emergence  occurring  about  June 
18.  The  Texas  station  found  that  in¬ 
creased  yields  varying  from  63  to  206 
pounds  of  seed  cotton  per  acre  w^ere 
obtained  by  airplane  dusting  when 
from  three  to  five  applications  of  cal¬ 
cium  arsenate  dust  were  made.  It  ap¬ 
peared  that  this  method  of  applying 
dust  should  prove  profitable  for  cot¬ 
ton  growers  where  the  infestation 
averages  15  per  cent  early  in  the  sea¬ 
son  or  20  per  cent  later  in  the  sea¬ 
son  and  weather  conditions  favor  in¬ 
creased  weevil  injury.  The  Florida 
station  found  that  the  last  of  5,000 
weevils  captured  in  the  fall  near 
Gainesville  and  placed  in  a  hiberna¬ 
tion  cage  without  food  in  November 
emerged  on  July  16  after  having  spent 
257  days  in  the  cage  wdthout  food. 

Comparative  tests  of  the  efficiency 
of  arsenicals  in  combating  the  alfalfa 
weevil,  carried  on  by  the  Nevada  sta¬ 
tion,  gave  results  favoring  dusting,, 
and  it  is  thought  that  this  method  may 
replace  spraying  in  w’^estern  Nevada. 

Marked  increases  were  obtained  by 
the  Louisiana  stations  in  the  percent¬ 
ages  of  sugarcane-borer  eggs  parasit¬ 
ized  through  the  release  of  more  than 
16,000,000  parasites  ( Tricho  gramma 
minutum)  in  the  fields  of  corn  and 
sugarcane  in  five  localities. 

In  studies  of  the  relation  of  leaf 
hoppers  to  curly  top  in  beets,  the 
California  station  found  a  micro¬ 
organism  in  infective  beet  leaf  hop¬ 
pers  that  probably  has  a  filtrable 
stage  in  its  life  cycle.  It  was  shown 
that  noninfective  beet  leaf  hoppers 
after  feeding  on  unfiltered  root  juice 
extracted  from  diseased  beets,  also 
on  juice  filtered  through  fine  Berke- 
feld  candles,  heated  for  a  period  of  10 
minutes  in  water  at  70°  C.,  trans¬ 
mitted  curly  top  to  healthy  beets. 

For  control  of  the  mint  flea  beetle 
the  Michigan  station  found  a  mixture 
of  finely  powdered  Paris  green,  1  part, 
with  talc  or  a  cheap  grade  of  flour,  20 
parts,  applied  as  a  dust,  to  be  more 
effective  than  other  insecticides  em- 
ploved. 

Working  with  the  carrot-rust  fly, 
the  New  York  State  station  found 
tliat  carrots  planted  after  June  1  ordi¬ 
narily  escape  damage,  and  that  if  such 
late-planted  carrots  are  harvested  by 
September  1  to  15  they  should  be 
exeinjit  from  serious  injury.  The 
Massachusetts  station  obtained  prom¬ 
ising  results  from  the  use  of  corrosive 
sublimate  and  sodium  fluosilicate 
against  the  first  generation  of  this  in¬ 
sect  and  found  that  the  attack  of  the 
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first-generation  larvae  can  be  avoided 
by  planting  about  three  weeks  before 
the  flj^-free  date. 

The  tomato  suck  fly,  which  has  be¬ 
come  a  problem  in  the  southwestern 
part  of  Texas,  was  treated  by  the 
Texas  station,  with  encouraging  re¬ 
sults,  by  the  application  of  dry 
sulphur  or  a  sulphur-naphthalene 
mixture. 

Effective  control  of  garden  cut¬ 
worms  was  secured  by  the  Massachu¬ 
setts  station  with  a  sweetened  bran 
mash,  sodium  fluosilicate  and  white 
arsenic  proving  less  effective  than 
Paris  green. 

Damage  by  the  pepper  weevil  was 
prevented,  in  cooperative  control  work 
by  the  California  station  and  the  De¬ 
partment  of  Agriculture,  through  the 
repeated  application  of  calcium  ar¬ 
senate  dust  at  rates  of  6  and  8  pounds 
per  acre. 

The  onion  maggot,  which  frequently 
destroys  50  per  cent  or  more  of  the 
onion  crop  in  some  large  producing 
sections,  was  controlled  on  a  commer¬ 
cial  scale  by  the  Illinois  station  with  a 
2  per  cent  boiled  lubricating-oil  emul¬ 
sion  in  Bordeaux  mixture.  A  home¬ 
made  nicotine  dust  at  2.4  per  cent 
strength  was  found  by  this  station  to 
be  the  most  effective  of  many  mate¬ 
rials  for  control  of  the  onion  thrips. 
In  further  work  with  this  pest  at  the 
Massachusetts  station,  a  combined 
spray  of  nicotine  sulphate  and  a  soft, 
pourable  potash  fish-oil  soap  gave  sat¬ 
isfactory  control.  When  repeated  at 
from  7  to  8  day  intervals  it  reaches 
newly  hatched  young  and  migrants 
from  near-by  fields.  An  efficient 
sprayer  adapted  to  the  field  spraying 
of  onions  v/as  developed. 

Garden  slugs  were  successfully  com¬ 
bated  by  the  California  station  with  a 
spray  consisting  of  potassium  alum 
or  ammonium  alum,  0.75  to  0.5  pound 
per  gallon  of  water,  applied  at  night. 
The  Illinois  station  found  that  the 
greenhouse  leaf  tier  could  be  con¬ 
trolled  successfully  by  dusting  the 
underside  of  the  leaves  with  a  mixture 
of  85  per  cent  of  sulphur  and  15  per 
cent  of  arsenate  of  lead. 

A  very  practical  control  for  the  de¬ 
structive  cyclamen  mite  was  devel¬ 
oped  by  the  Illinois  station,  using 
para  dichlorobenzene.  Placing  about 
one-sixth  ounce  of  this  chemical,  or  a 
paradichlorobenzene  ball  the  size  of 
an  ordinary  moth  ball,  in  the  cyc¬ 
lamen  flats  when  the  plants  are  first 
set  out  almost  completely  rids  plants 
of  mites,  even  when  heavily  infested. 


The  earlier  discovery  by  the  Wis¬ 
consin  station  of  the  transmission  of 
alfalfa  yellows  by  leaf  hoppers  was 
confirmed  by  the  Kentucky  station, 
which  found  that  Empoasca  fahae  does 
great  injury  to  clovers  and  alfalfa,  and 
that  a  single  adult  or  nymph  may 
cause  the  death  of  young  plants.  For¬ 
eign  clovers  were  found  to  be  injured 
much  more  severely  than  native 
strains.  The  Illinois  station  found  the 
cutting  of  alfalfa  as  soon  as  injury 
begins  to  appear,  the  use  of  native  red- 
clover  seed,  and  the  use  of  adapted 
varieties  of  soybeans  to  assist  in  com¬ 
bating  the  apple  leaf  hopper. 

Control  measures. — The  Maryland  sta¬ 
tion  found  that  nicotine  in  greatly  re¬ 
duced  dilutions  could  be  used  success¬ 
fully  against  aphids  by  adding  sulpho- 
nated  oxidized  gas  oil  instead  of  the 
usual  spreaders.  The  sulphonated  ox¬ 
idation  products  of  gas  oil  consistently 
gave  better  results  than  those  pre¬ 
pared  from  oxidized  kerosene  with  no 
apparent  increase  in  toxicity  to  plant 
foliage. 

In  a  study  of  the  effect  of  heat  on 
insects,  the  Missouri  station  found 
that  a  temperature  of  125°  F.  main¬ 
tained  for  24  hours  was  sufficient  to 
kill  all  of  the  insects  in  the  several 
stages  tested.  In  a  comparison  made 
of  seeds,  all  of  20  different  kinds 
withstood  140°  for  24  hours  without 
injury.  Paradichlorobenzene  used  at 
the  rate  of  1  pound  to  100  cubic  feet 
of  space  for  48  hours  was  enough  to 
kill  all  insect  life  and  at  the  rate  of 
1  pound  to  1  cubic  foot  did  not  injure 
S00cls 

studying  the  effect  of  high-frequency 
radio  waves  on  insect  activity,  the 
New  Jersey  stations  found  that  after 
exposure  to  waves  of  24  meters  and 
12,000,000  cycles  per  second  with  the 
ammeter  reading  about  1.75  amperes 
the  insects  were  killed,  owing  appar¬ 
ently  to  the  development  of  internal 
heat  of  lethal  degree.  All  organic 
chemical  compounds  with  which  the 
station  worked  and  which  were  more 
or  less  characteristic  of  living  tissue 
showed  ability  to  increase  in  internal 
heat  when  subjected  to  such  high-fre¬ 
quency  waves,  especially  cholesterol, 
.  which  is  characteristic  of  nervous 
tissue. 

As  a  repellent  for  flies  the  Texas 
station  found  that  pine-tar  oil  with  a 
specific  gravity  of  1.065,  plus  enough 
lubricating  oil  to  make  the  mixture 
hold  well,  was  the  most  effective. 

Fermenting  sugar  baits  were  found 
1  by  the  Pennsylvania  station  to  be  espe- 
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cially  attractive  to  the  cherry  fruit  fly 
and  cutworm  moths.  While  the  cod¬ 
ling  moth  and  red-banded  leaf  roller 
were  attracted  freely,  it  seemed  doubt¬ 
ful  if  the  baits  could  be  relied  upon  to 
control  them. 

Work  with  bees. — Studying  the  diges¬ 
tion  of  pollen  by  the  adult  honeybee, 
the  Wisconsin  station  found  that  it 
was  taken  into  the  digestive  system 
in  suspension.  That  the  mandibles  do 
not  function  as  chewing  organs  as  pre¬ 
viously  supposed  was  demonstrated  by 
the  absence  of  cracked  grains.  It  was 
found  that  when  pollen  in  excess  is 
fed  with  sugar  sirup  to  bees  in  periods 
of  confinement  in  winter  dysentery 
does  not  necessarily  develop.  The 
Texas  station  found  that  bees  become 
inactive  as  soon  as  the  temperature 
reaches  94°  F.  with  a  relative  humid¬ 
ity  below  50  per  cent.  A  study  of  the 
poisoning  of  bees  from  cotton  which 
had  been  sprayed  or  dusted  with  in¬ 
secticides  indicated  that  the  bees  were 
killed  only  where  the  poison  was  ap¬ 
plied  to  the  cotton  with  a  sweet  ad¬ 
hesive  mixture  or  where  honey  dew 
wms  present  upon  the  leaves. 

William  A.  Hooker. 

ANIMAL  PRODUCTION 

Research  in  animal  production  con¬ 
tinued  to  make  progress  during  the 
year  in  increased  attention  to  basic 
problems  of  animal  nutrition,  im¬ 
proved  methods  and  facilities  for  in¬ 
vestigation,  more  careful  planning  of 
projects,  and  development  of  etficient 
cooperation. 

Nutrition. — Animal  nutrition,  one  of 
the  most  basic  and  fundamental  lines 
of  inquiry  in  animal  production,  is  re¬ 
ceiving  the  attention  of  investigators 
in  every  section  of  the  country.  Rather 
elaborate  equipment  is  necessary  in 
nutrition  studies  with  large  animals, 
and  the  Pennsylvania  and  New  Hamp¬ 
shire  stations,  in  particular,  have 
constructed  special  buildings  for  hous¬ 
ing  such  apparatus.  Other  stations, 
now  with  inadequate  plants,  are  either 
curtailing  the  studies  to  fit  their  pres¬ 
ent  equipment  or  are  planning  to  en¬ 
large  the  scope  of  their  studies  by 
adding  to  their  present  organization. 
During  the  year  the  California,  Louisi¬ 
ana,  and  New  York  Cornell  stations 
have  provided  for  laboratories  for 
digestion  and  metabolism  experiments. 

Several  stations  are  studying  the 
value  of  ultra-violet  radiation  in  poul¬ 
try  production.  The  Kentucky  sta¬ 
tion  found  that  the  average  percentage 
of  eggshell  declined  as  the  laying 


period  was  prolonged  with  all  hens, 
but  that  those  hens  exposed  to  direct 
sunlight  or  irradiated  with  ultra¬ 
violet  light  always  laid  eggs  with 
heavier  shells  than  hens  confined  be¬ 
hind  ordinary  window  glass.  The 
same  study  also  demonstrated  that 
different  breeds  of  birds  laid  eggs 
differing  significantly  in  percentage 
of  shell. 

Exposure  of  chicks  to  direct  sun¬ 
light  for  an  average  of  10.9  minutes 
daily  sufficed  to  promote  normal 
growth  and  to  prevent  the  develop¬ 
ment  of  rickets  at  the  New  York  Cor¬ 
nell  station,  although  13.7  minutes’ 
daily  irradiation  was  found  necessary 
for  complete  protection.  At  the  New 
York  State  station  birds  exposed 
either  to  direct  or  reflected  sunlight 
at  10-day  or  even  20-day  intervals, 
after  winter  confinement  for  about 
three  months,  maintained  a  good  rate 
of  egg  production,  and  a  large  per¬ 
centage  of  strong  chicks  were  hatched 
from  the  eggs.  For  normal  ash  dep¬ 
osition  in  the  leg  bones  of  chicks 
about  three  times  as  much  radiation 
with  ultra-violet  light  filtered  through 
a  '•glass  substitute  was  required  at 
the  New  Jersey  stations  as  with  ex¬ 
posure  to  the  direct  rays  of  the  sun. 
At  the  Pennsylvania  station  chicks 
confined  behind  a  glass  substitute  had 
better  ash-depositing  ability  than  sim¬ 
ilar  chicks  fed  cod-liver  oil  or  irra¬ 
diated  with  ultra-violet  light. 

At  the  Illinois  station  the  blood 
hemoglobin  content  of  pig’s  blood  was 
found  to  decline  rather  sharply  from 
birth  to  one  week  of  age.  If  the  pigs 
were  exposed  to  direct  sunlight  the 
blood  hemoglobin  began  to  increase 
after  the  second  week  and  reached 
levels  approximating  those  at  birth, 
but  when  the  pigs  were  not  exposed 
to  sunlight  the  same  initial  decline 
occurred,  and  there  was  no  apparent 
recovery  in  the  hemoglobin  content. 
At  the  Indiana  station  exposure  of 
pigs  to  direct  sunlight,  beginning  at 
1  to  3  days  of  age  and  continuing  to 
35  days  of  age,  had  no  effect  upon  the 
red-cell  or  hemoglobin  content  of  the 
blood. 

Studies  of  the  effect  of  minerals 
upon  the  health,  growth,  and  repro¬ 
ductive  abilities  of  animals  have  so 
advanced  that  practical  application 
may  be  made  of  some  of  the  findings. 
Dairy  cattle  fed  fluorine  (calcium 
fluosilicate)  at  the  Michigan  station 
went  off  feed  very  shortly  after 
mineral  feeding  began.  In  one  case  a 
heifer  fed  fluorine  remained  appar- 
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eiitly  normal  in  health  and  general 
appearance  during  her  gestation 
period,  but  after  freshening  her  appe¬ 
tite  was  poor,  she  lost  weight  rapidly, 
and  at  the  end  of  her  lactation  period 
was  quite  emaciated,  and  the  grinding 
surfaces  of  the  molar  teeth  were  sensi¬ 
tive  to  cold  water.  With  rats  at  the 
Iowa  station  growth  and  reproduction 
tailed  when  calcium  fluoride  was  fed 
at  levels  as  low  as  0.25  per  cent,  and 
teeth  and  bone  defects  were  evident 
when  fed  at  a  level  of  0.05  per  cent. 

Iodine  has  been  found  to  be  a  very 
important  mineral  for  normal  health 
and  growth,  studies  at  the  Iowa  sta¬ 
tion  indicating  that  0.05  grain  of  po¬ 
tassium  iodide  per  head  per  day  was 
enough  t^  ’->votect  ewes  against  iodine 
deficiencies.  The  Illinois  station 
found  that  the  addition  of  iodine  to  a 
good  mixed  grain  ration  did  not  affect 
the  gTOv/th  of  chicks. 

Calcium  and  phosphorus  are  the 
minerals  in  which  livestock  rations 
in  this  country  are  most  likely  to  be 
deficient.  The  Montana  station 
showed  that  while  the  calcium  content 
of  the  crops,  soil,  and  water  was  ade¬ 
quate  in  sections  of  Montana  report¬ 
ing  cattle  with  depraved  appetites,  all 
of  the  crops  were  low  in  phosphorus. 
Analj^sis  showin"  that  the  soil  had  a 
phosphorus  content  apparently  ade¬ 
quate  suggested  that  even  in  soils  high 
in  calcium  or  phosphorus  the  minerals 
may  be  in  forms  not  available  to  crop 
plants.  At  the  Missouri  station,  sows 
on  low  calcium  diets  farrowed  a  high 
proportion  of  dead  pigs,  had  poor  appe¬ 
tites,  lost  weight,  and  had  scanty  milk 
flow ;  and  their  pigs  did  not  grow 
well.  The  Ohio  station  showed  that 
the  pronortion  of  calcium  and  phos¬ 
phorus  was  more  significant  than  the 
amount  of  the  respective  elements  in 
the  ration.  The  most  favorable  ratio 
for  hogs  lay  between  1 : 1  and  2 : 1, 
and  for  poultry  betw^een  3 : 1  and 
4:1.  Hens  on  a  calcium-deficient 
ration  at  the  Kentucky  station  laid 
eggs  that  gradually  decreased  to  0  in 
iiatchability,  and  a  reduction  occurred 
in  the  percentage  of  fertile  eggs,  in 
the  size  and  number  of  eggs  laid,  and 
in  the  weight  of  the  eggshells. 

Quality  and  palatability  of  meat. — Twenty- 
two  State  stations  and  five  Federal 
stations  cooperated  during  the  year  in 
research  on  this  problem  under  the 
sponsorship  of  the  National  Livestock 
and  Meat  Board.  The  American  So¬ 
ciety  of  Animal  Production  is  aiding 
in  the  development  of  this  study,  es¬ 
pecially  through  cooperation  and  ad¬ 


vice  of  its  committees.  The  United 
States  Department  of  Agriculture  co¬ 
operated  with  a  number  of  stations  in 
this  project  by  conducting  the 
slaughtering,  laboratory,  and  cooking 
phases  of  the  study.  The  requests  for 
such  cooperation  have  been  so  heavy 
that  the  meats  laboratory  at  the  Belts- 
ville,  Md.,  farm  has  had  to  be  enlarged. 
The  cooperative  soft-pork  studies  have 
been  incorporated  under  the  general 
project  “  quality  of  meats.” 

Methods  for  measuring  have  had  to 
be  developed  as  the  work  progressed. 
In  general,  investigators  are  realizing 
the  limitations  of  personal  judgment, 
and  methods  for  measuring  such  char¬ 
acteristics  as  tenderness,  connective- 
tissue  content,  muscle  structure,  color, 
and  the  nature  and  amounts  of  pro¬ 
teins  are  being  studied.  Distinct  im¬ 
provement  has  been  made  for  measur¬ 
ing  certain  factors.  Chemical  and 
histological  studies  have  brought  out 
facts  never  obtained  by  earlier 
methods. 

Only  the  progress  of  the  work  has 
been  reported,  since  definite  results  are 
not  yet  available.  Most  of  the  findings 
v/ere  in  regard  to  the  effect  of  feed 
upon  the  color  and  chemical  composi¬ 
tion  of  meat;  the  relation  of  age  and 
sex  to  the  kind,  quality,  and  quantity 
of  carcass ;  the  differences  in  carcasses 
produced  by  different  breeds ;  and  soft- 
pork  data.  Preliminary  results  were 
made  available  on  the  relationships  be¬ 
tween  the  grade  and  characteristics  of 
cattle  as  feeders,  as  slaughter  cattle, 
and  in  the  carcasses.  A  simple,  inex¬ 
pensive  method  of  expressing  in  a 
single  figure  the  market  desirability 
of  a  beef  carcass  was  outlined  by  the 
Texas  station  and  the  United  States 
Department  of  Agriculture. 

Beef  cattle. — While  the  production  of 
beef  cattle  is  a  phase  of  animal  hus¬ 
bandry  important  in  every  section  of 
the  country,  the  problems  of  any  one 
section  vary  widely  from  those  in  an¬ 
other  section,  and  often  solutions  of 
these  problems  are  more  or  less  local: 
in  application.  Economical  produc¬ 
tion,  the  most  important  phase  of  this 
industry,  is  being  approached  from 
all  angles  by  investigators. 

The  California  station  in  a  study  of 
the  percentage  calf  crop  as  a  major 
factor  in  economical  beef  production 
showed  that  with  beef  cattle,  failure 
to  conceive  is  more  important  than 
infectious  abortion.  A  faulty  plane 
of  nutrition,  restricted  mineral  in¬ 
take,  and  weather  conditions  are  all 
associated  with  failure  to  conceive. 
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The  control  of  these  factors  is  not 
a.lways  simple,  and  especially  is  this 
true  of  mineral  deficiencies,  for  while 
bone  chewing  and  associated  symp¬ 
toms  are  outward  manifestations  of 
a  deficiency  it  is  entirely  possible  for 
animals  to  be  on  a  deficient  ration 
without  showing  any  symptoms. 

A  comparison  of  pasture  and  dry-lot 
feeding  at  the  Ohio  station  indicated 
that  steers  on  pasture  gained  faster 
and  more  economically  than  those  in 
dry  lot,  yet  showed  less  finish  until 
the  latter  part  of  the  feeding  period. 
In  studies  with  range  cattle  at  the 
New  Mexico  station  it  was  found  that 
adding  cottonseed  meal  to  a  wheat 
straw  ration  increased  the  digestibility 
of  the  nutrients  of  the  straw.  An  in 
crease  of  approximately  2.58  per  cent 
in  the  digestibility  of  the  crude  fiber 
of  the  straw  followed  the  feeding  of 
cottonseed  meal. 

Sheep. — The  growing  tendency  toward 
■development  of  more  and  smaller 
flocks  of  sheep  on  farms  in  all  sections 
tof  the  country  has  created  a  demand 
for  information  on  feeding  and  man¬ 
agement  applicable  to  this  type  of  pro¬ 
duction. 

Since  only  a  few  of  the  breeding  ewes 
are  purebred  or  even  high  grades  of 
mutton  breeding,  considerable  interest 
.has  been  shown  in  the  use  of  purebred 
rams  for  siring  market  iambs.  At  the 
California  station  Rambouillet  ewes 
were  mated  to  rams  of  six  different 
breeds.  The  Suffolk  crosses  weighed 
more  at  birth  and  gained  faster  in 
weight  than  other  crosses,  but  the 
largest  number  of  choice  and  good  car¬ 
casses  were  found  in  the  Southdown 
and  Shropshire  crosses.  In  practically 
every  respect  the  lambs  sired  by  Ram- 
bouiliet  rams  were  inferior  to  cross¬ 
bred  lambs.  Over  a  period  of  four 
years  lambs  sired  by  Hampshire  rams 
at  the  Montana  station  weighed  more 
at  five  months  of  age  than  lambs  sired 
by  Rambouillet  rams.  At  the  Missis¬ 
sippi  station  lambs  sired  by  Shropshire 
Tams  and  out  of  native  ev/es  weighed 
more  at  birth  than  lambs  sired  by  Dor¬ 
set,  Southdown,  and  Merino  rams. 

Both  single  and  twin  lambs  sired  by 
Hampshire  rams  at  the  Nevada  station 
gained  faster  than  single  and  twin 
lambs  sired  by  a  scrub  ram.  Native 
mutton  lambs  made  as  rapid  and  eco¬ 
nomical  gains  as  western  lambs  in 
tests  at  the  Ohio  station,  but  were  not 
:as  uniform  at  the  end  of  the  feeding 
period,  while  native  fine-wool  lambs 
were  inferior  to  the  other  types  in  rate 
and  economy  of  gains,  but  yielded 
Sieavier  fl'^eces. 


The  Oregon  station  found  that  in 
order  to  kill  brush,  goats  must  be 
closely  confined,  and  the  brush  over- 
grazed  to  such  an  extent  that  other 
feed  is  necessary  for  the  animals.  In 
this  section  goats  ate  practically  all 
the  green  growth  of  deciduous  shrub¬ 
bery  and  conifers. 

Swine. — Research  in  swine  production 
has  extended  beyond  the  field  of  feed¬ 
ing  and  management  to  include  nutri¬ 
tion  and  other  fundamental  studies. 
The  Iowa  station  reported  preliminary 
results  of  a  swine-performance  record, 
an  endeavor  to  set  up  an  exact  method 
for  measuring  the  efficiency  of  swine 
breeding  stock.  The  general  scheme 
consists  of  selecting  a  certain  number 
of  pigs  from  a  litter,  starting  them  on 
a  specified  ration  at  65  days  of  age, 
and  feeding  them  to  an  average  final 
weight  of  225  pounds.  Growth  meas¬ 
urements  and  live-weight  increases  are 
recorded,  and  slaughter  data  obtained 
on  representative  pigs  of  the  group. 
This  system  will  make  it  possible  to 
assign  to  a  particular  sow  at  least  an 
approximate  value  for  her  offspring, 
and  through  the  pigs  by  one  sire  an 
approximate  value  of  his  transmitting 
ability.  A  new  feeding  standard  out¬ 
lined  by  the  station  fov  fattening 
young  swine,  based  on  pounds  daily  of 
crude  protein  and  fiberless-carbohy- 
drate  equivalent  per  unit  of  live 
Vv eight,  emphasizes  the  full  feeding  of 
low-fibered,  high  net-energy-carrying 
feeds,  adequate  minerals  and  vitamins, 
a  supply  of  nutritively  adequate  pro¬ 
teins,  and  palatable  feeds. 

The  Illinois  station  observed  that 
tvne  is  not  a  controlling  factor  in 
either  rate  or  economy  of  gain  in 
swine.  From  the  butcher’s  standpoint 
the  intermediate  type  of  swine  pro¬ 
duced  the  most  desirable  carcass,  but 
the  rangy  type  if  self-fed  was  usually 
satisfactory.  At  heavier  weights  the 
intermediate-type  pigs  were  more  eco¬ 
nomical  of  food  energy  in  maintenance, 
but  no  type  differences  were  detected 
in  feed  utilization. 

Poultry. — Concurrent  with  the  in¬ 
crease  in  the  numbers  of  poultry  and 
a  growing  appreciation  of  the  econom¬ 
ical  factors  involved,  there  has  been 
a  decided  improvement  in  the  quality 
of  research  with  poultry.  New  meth¬ 
ods  of  feeding  and  management  have 
been  required  by  the  recent  practice 
of  raising  large  numbers  of  birds  on 
small  areas.  Indicative  of  the  im¬ 
portance  of  the  poultry  industry  is  the 
new  poultry  plant  built  and  equipped 
at  a  cost  of  $80,000  by  the  California 
station. 
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Washing  the  inside  of  an  incubator 
with  warm  water  and  washing  pow¬ 
der  previous  to  use  was  found  by  the 
Michigan  station  to  be  the  greatest 
factor  in  reducing  bacterial  counts. 
The  use  of  disinfectants  still  further 
reduced  the  count,  rendering  the  in¬ 
cubator  practically  sterile.  However, 
the  air  passing  through  the  ventilators 
tended  to  increase  the  bacterial  infec¬ 
tion  as  incubation  progressed,  the 
greatest  counts  on  agar  plates  occur¬ 
ring  at  hatching  time. 

The  best  practice  for  improving 
vigor  in  production-bred  flocks,  accord¬ 
ing  to  Massachusetts  station  studies, 
consisted  of  breeding  exclusively  from 
families  showing  the  lowest  mortality 
of  pullets  in  the  laying  house.  In  this 
work  it  was  found  that  mortality  in 
chicks  up  to  8  weeks  of  age  was  not 
a  reliable  index  of  vigor  because  it 
bore  little  relation  to  mortality  rates 
in  the  same  families  after  surviving 
daughters  were  placed  in  the  laying 
house.  Such  factors  as  high  hatch- 
ability,  the  occurrence  of  broodiiiess 
before  July  1,  and  fixing  early  matu¬ 
rity,  high  intensity,  nonpause,  and 
high  persistency  did  not  decrease 
vigor.  Late  hatching  decreased  the 
vigor  of  chicks  slightly,  and  breeding 
out  broodiness,  at  least  in  Rhode  Is¬ 
land  Reds,  had  a  detrimental  effect 
upon  vigor.  Age  at  first  egg,  genetic 
early  maturity,  weight  at  first  egg, 
winter  pause,  and  intensity  of  laying 
could  not  be  used  as  measures  of 
vigor. 

A  fertility  study  with  poultry  at  the 
Iowa  station  showed  that  in  19  of  35 
successful  single  matings  the  first  fer¬ 
tile  egg  was  laid  between  36  and  48 
hours  after  mating,  in  13  matings  be¬ 
tween  60  and  72  hours,  and  in  3  mat¬ 
ings  after  84  hours.  The  average  onset 
of  fertility  was  about  57  hours  after 
mating.  From  a  single  mating  fertil¬ 
ity  endured  from  4  to  21  days,  with  an 
average  of  11  days,  and  a  single  mat¬ 
ing  produced  an  average  of  5.5  fertile 
eggs.  Results  in  studies  of  double 
matings  indicate  some  selective  fertili¬ 
zation.  Hens  had  longer  periods  of 
fertility  than  pullets,  and  matings 
with  cockerels  produced  more  fertile 
eggs  than  matings  with  cocks. 

A  decrease  in  the  number  and  in 
total  weight  of  eggs  laid  by  White 
Leghorn  hens  the  second  year  as  com¬ 
pared  with  those  laid  the  first  year 
was  recorded  by  the  West  Virginia 
station.  There  was  a  tendency  during 
the  pullet  year  for  the  birds  to  become 
heavier  with  increasing  age,  but  the 


average  weight  per  bird  during  the 
yearling  year  exceeded  the  average 
during  the  pullet  year. 

No  harmful  effects  followed  the 
early  feeding  of  baby  chicks  at  the 
Indiana  and  Wisconsin  stations,  and 
the  rate  of  growth  of  chicks  so  fed 
was  approximately  the  same  as  in  lots 
held  off  feed  for  48  hours. 

Dairy  cattle. — Although  the  number  of 
cattle  used  for  milk  production  in  this 
country  does  not  materially  change 
from  year  to  year,  there  is  a  concerted 
effort  on  the  part  of  all  agencies  con¬ 
nected  with  the  industry  to  improve 
the  quality  of  the  cattle  and  the  sani¬ 
tary  surroundings  under  which  the 
milk  is  produced. 

The  problem  of  economically  replac¬ 
ing  the  cows  that  have  outlived  their 
usefulness  becomes  more  and  more 
acute  as  the  demand  for  whole  milk, 
the  value  of  land,  and  the  capital  in¬ 
vested  in  dairy  farms  increase.  At 
the  South  Dakota  station  self-fed 
calves  outweighed  hand-fed  calves  up 
to  4  months  of  age,  but  did  not  grow 
any  faster  in  height  at  withers,  and 
over  a  10-month  period  gained  less 
than  the  hand-fed  calves.  In  some 
cases  self-feeding  caused  physiological 
disturbances  and  abnormal  develop¬ 
ment.  Hand  feeding  produced  calves 
more  economically  than  self-feeding. 
Powdered  skim  milk  fed  to  calves  at 
the  Ohio  station  produced  growth  and 
vreight  gains  in  a  satisfactory  manner. 
Either  spray  or  roller  process  skim 
milk  was  as  satisfactory  as  and  a 
more  economical  feed  than  whole  milk 
for  dairy  calves.  The  Wisconsin  sta¬ 
tion  found  that  a  liberal  allowance  of 
skim  milk  furnished  calves  with  an 
ample  supply  of  protein,  and  with  the 
addition  of  legume  hay  made  possible 
the  extensive  use  of  farm-grown  cereal 
grains  in  the  growing  ration. 

Cooperating  with  a  commercial  labo¬ 
ratory,  the  New  Jersey  stations  ob¬ 
served  that  humidity,  and  not  tempera¬ 
ture,  affects  milk  production.  The  ef¬ 
fect  is  not  direct,  but  the  animals  go 
off  feed,  and  the  high-producing  ani¬ 
mals  were  more  susceptible  to  humidity 
variations  than  low-producing  ani¬ 
mals,  The  normal  range  of  humidity 
for  dairy  cows  appears  to  lie  between 
5C  and  75  per  cent. 

Dairy  cows  at  the  Illinois  station 
consumed  only  insignificant  amounts 
of  ground  limestone  and  bone  meal 
when  allowed  free  choice  of  the  min¬ 
erals.  The  study  further  showed  that 
1  per  cent  of  salt  in  the  ration  was  in¬ 
sufficient  to  satisfy  the  craving  of 


48 


EEPOET  ON  THE  EXPERIMENT  STATIONS,  192  9 


dairy  cattle,  for  when  allowed  access 
to  salt  in  self-feeders  they  consumed 
rather  large  quantities. 

Heney  W.  Maeston. 

DAIRYING 

The  use  of  dairy  products  is  increas¬ 
ing  in  the  United  States,  and  with 
greater  consumption  has  come  a  grow¬ 
ing  demand  for  high-quality  products. 
Better  equipment  and  better  methods 
of  procedure  are  constantly  being  in¬ 
troduced  into  the  industry,  and  new 
problems  of  distributing  and  market¬ 
ing,  especially  in  regard  to  the  qual¬ 
ity  of  the  product,  arise  frequently. 
The  extent  of  this  phase  of  the  dairy 
industry  and  the  great  demand  for 
information  have  caused  many  of  the 
stations  to  increase  their  equipment. 
For  example,  new  dairy  industry 
buildings,  well  equipped  with  modern 
machinery  and  facilities,  have  been 
opened  by  the  Illinois,  Iowa,  and  Lou¬ 
isiana  stations  during  the  year. 

From  studies  of  methods  and  agencies 
for  cleansing  dairy  equipment,  the 
Oklahoma  station  reported  that  ordi¬ 
nary  washing  methods,  followed  by 
a  rinse  of  scalding  water,  were  not 
adequate  for  treating  dairy  equipment. 
Sodium  hypochlorite  and  its  com¬ 
pounds,  when  furnishing  a  minimum 
of  45  parts  of  active  chlorine  per  mil¬ 
lion  of  solution,  were  effective  when 
used  to  clean  utensils.  The  Illinois 
station  demonstrated  that  solutions 
containing  active  chlorine  should  be 
applied  just  before  the  utensils  are 
used,  and  should  be  in  contact  with 
all  surfaces  for  at  least  10  seconds  in 
order  to  kill  the  bacteria,  and  that 
such  solutions  were  only  effective  on 
surfaces  free  from  dirt  and  grease. 

Thoroughly  worked  butter,  accord¬ 
ing  to  experiments  of  the  New  York 
Cornell  station,  has  a  more  uniform 
composition,  shrinks  less,  keeps  as 
well,  c  )ntains  somewhat  more  air, 
and  is  as  satisfactory  as  medium- 
woi'ked  butter.  The  Y/isconsin  station 
fouml  that  the  use  of  citric  acid  or 
sodium  citrate  with  milk  for  butter 
starters  produced  very  satisfactory  re¬ 
sults,  and  in  most  cases  competent 
judges  preferred  the  treated  to  the 
untreated  cultures.  From  four  to 
seven  times  more  soda  solution  than 
lime  solution  was  required  at  the  Ar¬ 
kansas  station  to  neutralize  the  same 
percentage  of  acid  in  cream.  There 
was  a  difference  of  not  over  0.1  point 
in  the  scores  of  Initters  made  wit!' 
lime  and  with  soda  neutralizers. 


Studying  the  value  of  egg  yolks  in 
ice  cream,  the  Kansas  station  found 
that  egg  yolk  improved  the  whipping 
qualities  of  relatively  heavy  slow- 
freezing  mixes  to  a  greater  extent 
than  those  of  mixes  with  a  compara¬ 
tively  low-solids  content.  Less  than 
0.5  per  cent  of  yolk  had  little  or  no 
influence  on  the  body,  texture,  ap¬ 
pearance,  or  flavor  of  mixes  contain¬ 
ing  the  correct  proportions  of  milk 
solids  and  sugar.  Egg  yolks  imparted 
a  flavor  at  times  objectionable,  espe¬ 
cially  in  mixes  of  low-solids  content. 
At  the  New  Jersey  stations  yolks  im¬ 
proved  the  texture  but  not  the  stabil¬ 
ity  of  a  mix,  and  the  use  of  more  than 
1  per  cent  affected  the  flavor  unfa¬ 
vorably.  Dried  whole  egg  was  nearly 
as  effective  as  dried  yolks  for  im¬ 
proving  ice-cream  mixes,  but  the  use 
of  egg  albumin  wms  detrimental.  The 
Michigan  station  found  that  vanilla 
flavors  obtained  by  the  use  of  singlj 
strength  extracts  from  all  Mexican 
beans  gave  best  results  in  ice-cream 
mixes.  The  flavoring  extract  vras 
volatilized  only  slightly  by  aerating, 
or  by  slight  melting  and  refreezing  of 
the  ice  cream. 

In  a  process  for  pasteurizing  cheese 
curd  in  the  vat,  perfected  at  the  Wis¬ 
consin  station,  hot  water  is  applied  to 
the  curd  after  milling  at  an  acidity  of 
0.6  per  cent;  the  curd  is  kept  at  145° 
F.  for  30  minutes  and  cooled  to  90°  by 
adding  cold  water;  it  is  then  drained, 
salted,  and  pressed.  With  good-quality 
milk  no  improvement  in  the  quality  of 
cheese  was  noted,  but  with  second- 
grade  milk  a  marked  improvement 
occurred  in  the  flavor  and  texture  of 
the  cheese.  The  average  loss  of  yield 
with  this  treatment  was  0.15  pound  on 
a  10-pound  cheese. 

FIeney  W.  Maeston. 

ANIMAL  DISEASES 

Investigations  relating  to  animal  dis¬ 
eases  were  carried  on  at  a  number  of 
stations  during  the  year,  those  with 
infectious  abortion,  fowl  pox,  and  bac¬ 
illary  white  diarrhea  or  pullorum 
disease  of  the  fowl  being  especially 
significant.  The  rapid  advance  in  the 
general  knowledge  of  the  relation  of 
the  former  to  undulant  fever  of  man 
stimulated  interest  in  the  work  with 
the  causative  organism. 

infectious  abortion. — Work  on  infec¬ 
tious  abortion  was  continued  by  no  less 
than  12  stations.  The  California  sta¬ 
tion  reported  progress  in  perfecting 
methods  of  detecting  the  disease  and: 
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in  determining  conditions  under  which 
the  germs  are  discharged  in  the  milk 
of  diseased  animals.  Type  studies 
made  by  the  Michigan  station  led  to  a 
more  definite  differentiation  of  three 
strains  or  species  of  the  causative 
organism.  In  a  study  of  the  snread  of 
the  disease  in  swine  the  Missouri  sta¬ 
tion  found  that  a  large  percentage  of 
the  progeny  of  positive-reacting  dams 
and  granddams  was  susceptible  to  the 
organism  through  cohabitation. 

There  was  considerable  activity  in 
the  field  of  vaccination  both  with  the 
vJrulent  and  non  virulent  virus.  The 
resistance  to  Brucella  al)ortus  confer- 
]-ed  by  vaccination  with  live  cultures 
was  found  by  the  California  station 
to  persist  in  certain  cases  for  at  least 
three  regular  gestation  periods.  Liv¬ 
ing  cultures  of  the  organism  were  ad¬ 
ministered  by  the  Texas  station  as  a 
vaccine  over  a  period  of  three  years, 
some  protection  being  obtained,  and 
the  breeding  elficiency  did  not  decrease. 
During  the  3-year  period  that  the  vac¬ 
cination  was  practiced  in  the  herd  the 
percentage  of  abortion  was  5.5  as  com¬ 
pared  with  an  average  of  23.76  during 
the  10  years  immediately  preceding. 
Seven  years’  study  of  the  avirulent 
culture  by  the  Michigan  station  indi¬ 
cated  that  safe  and  effective  vaccina¬ 
tion  against  the  disease  is  a  hopeful 
possibility  that  may  yet  be  made  of 
practical  value.  Living-organism  vac¬ 
cines  failed  to  give  sa,tisfactory  results 
at  the  Delaware  station,  where  two 
methods  of  segregating  the  reacting 
and  nonreacting  animals  were  em¬ 
ployed  with  success — in  the  one  they 
were  separated  at  calving  time  only, 
while  in  the  other  they  were  separated 
at  all  times.  During  control  work  last¬ 
ing  10  years  both  systems  were  used 
successfully  in  eradicating  the  dis¬ 
ease.  Control  by  means  of  isolation 
during  5  years  at  the  Minnesota  sta¬ 
tion  confirmed  earlier  conclusions  that 
the  organism  does  not  spread  rapidly 
among  two  groups  of  animals  entirely 
separated  in  barns  not  more  than  75 
feet  apart  and  tended  by  the  same  men. 
In  eradication  work  in  the  herd  at  the 
western  Washington  station  49  nega¬ 
tive  cows  and  heifers  were  added  to 
those  in  the  herd  at  the  time  of  the 
first  test,  every  animal  with  one  excep¬ 
tion  remaining  negative. 

That  the  abortion  organism  may  at¬ 
tack  the  fowl  appears  evident,  the 
Michigan  station  finding  natural  infec¬ 
tion  in  four  flocks.  In  experimental 
work  most  of  the  4S  fowls  artificially 
exposed  to  the  organism  became  in¬ 


fected.  In  three  of  the  four  flocks  in 
which  there  was  natural  infection 
there  .was  a  history  of  decreased  egg 
production.  In  many  experimental 
birds  infected  death  resulted,  recov¬ 
eries  took  place  in  a  few,  the  others 
being  killed  at  intervals  in  order  to 
study  the  nature  of  the  disease.  The 
course  of  the  disease  ranged  from  18 
to  96  days,  the  lesions  varying  consid¬ 
erably,  depending  upon  the  rapidity  of 
the  course. 

That  the  abortion  organism  is  path¬ 
ogenic  for  the  monkey  was  shown  by 
the  Michigan  station,  a  disease  resem¬ 
bling  undulant  fever  resulting,  al¬ 
though  not  readily  produced.  The 
monkeys  were  readily  susceptible  tO’ 
an  infection  by  a  small  dose  of  the 
porcine  form  regardless  of  its  source, 
the  data  indicating  that  it  is  more 
virulent  for  the  monkey  than  is  the 
goat  form. 

Oilier  diseases  of  cattle. — In  continuing 
studies  of  anaplasmosis  of  cattle,  a 
disease  which  has  come  to  attention 
in  the  United  States  in  the  last  few 
years  as  the  cause  of  a  large  loss  of 
cattle,  the  California  station  found 
that  animals  that  have  apparently  re¬ 
covered  from  the  disease  may  carry 
the  causative  parasite  in  their  blood 
in  sufficient  numbers  for  from  5  to  26 
months  to  infect  a  susceptible  animal. 
It  was  observed  that  calves  born  of 
cows  recovered  from  the  disease  do  not 
carry  the  infection  in  their  blood  and 
are  susceptible  to  it.  Pregnant  cows 
may  pass  through  a  severe  attack  of 
anaplasmosis  and  not  transmit  the  dis¬ 
ease  or  confer  an  immunity  to  their 
offspring.  A  new  method  of  staining 
blood  smears  revealed  that  the  mar¬ 
ginal  bodies  usually  occurring  in  the 
red  blood  cells  in  cases  of  anaplas¬ 
mosis  may  take  on  ring  forms  some¬ 
what  similar  to  those  observed  in  ma¬ 
laria  Plasmodia. 

As  a  result  of  investigation  of  bacil¬ 
lary  hemoglobinuria,  or  red  water,  due 
to  Clostridium  iLemolyticum  hovis,  a 
vaccine  v/as  prepared  by  the  Nevada 
station  which  protected  cattle  and 
Slopped  the  losses  of  sheep  entirely 
after  the  lapse  of  one  week.  Com¬ 
plete  eradication  for  eight  months 
w:th  no  bad  effects  was  obtained  by 
the  administration  of  5-cubic-centi¬ 
meter  doses  of  living  nontoxic  cultures 
of  the  organism  plus  25  per  cent  glyc¬ 
erin.  Comparing  fore  and  middle 
milk  and  strippings  in  cases  of  udder 
infection  to  establish  a  norm,  the 
Idaho  station  found  the  most  repre- 
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sentative  sample  of  udder  flora  to  be 
obtained  from  the  middle  milk. 

In  investigations  on  infectious  mas¬ 
titis  the  Connecticut  Storrs  station 
found  that  autogenous  bacterins  even 
when  given  in  small  doses  exerted  a 
marked  curative  action  in  severe  cases, 
and  that  a  prophylactic  vaccination  at 
intervals  of  approximately  three 
months  was  apparently  efflcacious  in 
at  least  two  of  the  herds  studied. 

The  Texas  station  found  that  the 
difficulty  known  as  “  creeps  ”  in  cattle 
did  not  develop  in  animals  receiving 
bone  meal  but  that  it  did  develop  in 
many  of  the  control  animals.  The  ad¬ 
vantage  of  feeding  the  bone  meal  and 
salt  mixtures  was  found  to  continue 
until  the  animal  is  at  least  3  years 
•old. 

When  reactors  to  the  test  for 
Johne’s  disease  and  suspects  were  re¬ 
moved  by  the  Mississippi  station  to  a 
separate  part  of  the  farm  and  the 
premises  thoroughly  disinfected,  none 
■  of  four  calves  taken  from  an  infected 
herd  reacted. 

A  fatal  disease  of  horses  prevalent 
in  certain  parts  of  northwestern  Ne¬ 
braska  was  determined  by  the  Ne¬ 
braska  station  to  be  essentially  an 
enzootic  necrobiosis  and  cirrhosis  of 
the  liver  due  to  a  toxic  agent.  It  was 
found  that  the  disease  can  be  produced 
by  feeding  Vvith  plants  of  Senecio 
riddelUi. 

In  studies  on  anthrax  the  Arkansas 
station  found  that  the  use  of  a  blood- 
serum  medium  for  the  cultivation  of 
the  causative  organism  offers  a  meth¬ 
od  for  the  preparation  of  a  potent 
anthrax  antigen  and  suggests  strongly 
that  the  method  may  prove  a  valuable 
aid  for  the  protection  of  farm  ani¬ 
mals  against  the  disease. 

Experiments  on  botulism  at  the  Illi¬ 
nois  station  indicated  that  formalin 
and  heat  may  detoxify  the  botulinum 
toxins  without  altering  a  measurable 
amount  of  antigenic  substance. 

All  of  the  above-ground  parts  of 
Dnjmaria  paclujpliylJa  w'ere  shown  by 
the  New  Mexico  station  to  be  poisonous 
at  all  stages  of  maturity.  The  plant 
proved  to  be  very  deadly  and  the  cause 
of  large  losses  of  cattle  in  the  State. 

Diseases  and  parasites  of  sheep  and  swine. — 
That  pathogenic  spore-bearing  anaer¬ 
obes  can  be  isolated  from  the  spleens 
of  a  considerable  proportion  of  sheep 
dead  of  a  variety  of  diseases  was 
shown  by  the  Colorado  station.  It  is 
concluded  that  in  the  case  of  Clos¬ 
tridium  lyedematis  the  longer  the  ani¬ 
mal  has  been  dead  the  greater  is  the 


possibility  of  its  presence  in  the 
spleen. 

In  studies  of  the  sheep  liver  fluke 
the  larval  form  was  detected  by  the 
California  station  in  cooperation  with 
the  Department  of  Agriculture  in  the 
snail  Gall)a  huUmoides,  which  occurs 
in  every  range  in  northern  California 
where  the  liver-fluke  infestation  was 
epidemic. 

The  common  stomach  worms  of 
sheep  and  goats  were  found  by  the 
Texas  station  to  be  effectively  con¬ 
trolled  by  the  administration  of  tetra- 
chlorethylene  in  gelatin  capsules  of  5 
cubic  centimeters  for  mature  animals 
and  2.5  cubic  centimeters  for  kids. 

In  investigations  of  an  apparently 
new  type  of  pneumonia  in  swine  the 
California  station  isolated  a  bacillus 
which  was  believed  to  be  the  cause  of 
the  disease,  and  an  aggressin  was  de¬ 
veloped  which  seemed  to  give  some 
protection. 

The  nonembryonated  ascarid  eggs 
from  swine  were  found  by  the  Illinois 
station  to  pass  through  the  digestive 
tract  of  domestic  fowls  and  remain 
viable,  thus  suggesting  the  possibil¬ 
ity  of  domestic  and  wild  birds  being 
agents  in  their  spread.  Embryouated 
eggs,  however,  were  destroyed  by  pass¬ 
ing  through  the  digestive  tract  of 
chickens. 

Bacillary  white  diarrhea  or  puliorom  dis¬ 
ease. — Investigations  on  pullorum  dis¬ 
ease  (bacillary  white  diarrhea)  of 
poultry  were  continued  by  a  number 
of  States.  In  a  further  study  by  the 
Rhode  Island  station  of  the  gas-form¬ 
ing  characteristic  of  the  causative  or¬ 
ganism  in  dextrose  broth,  a  tempera¬ 
ture  of  30°  C.  was  found  to  be  the 
most  favorable.  Eight  of  a  hundred 
strains  tested,  however,  failed  to  form 
gas  at  any  of  the  incubation  tempera¬ 
tures.  There  appeared  to  be  no  rela¬ 
tion  between  gas  formation  and  the 
pathogenicity  of  strains  of  the 
organism. 

Progress  was  made  by  a  number  of 
stations  in  work  with  the  agglutina¬ 
tion  test  for  the  disease.  The  Ar¬ 
kansas  station  found  that  fowls  react¬ 
ing  at  a  serum  dilution  of  1  to  10  are 
carriers  of  infection  and  should  be 
removed  from  the  flock,  and  that 
when  a  dilution  of  1  to  25  is  used  as 
a  basis  for  removal,  many  that  are 
infected  escape  detection  and  remain 
in  the  flock  to  spread  the  disease. 

Sodium  h.vdroxide  was  found  by  the 
Arkansas  and  Idaho  stations  to  be 
the  most  efficient  in  preventing  cloudy 
reaction.  The  rapid  plate  method  of 
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testing  for  tlie  disease  was  found  by 
the  Western  Washington  station  to  be 
in  complete  agreement  with  the  tube 
test  in  a  high  percentage  of  the  tests. 
It  was  found  by  the  Kentucky  sta¬ 
tion  to  be  less  satisfactory  than  the 
tube  test  at  dilutions  of  1  to  SO  or 
iiigher.  Several  stations  reported 
finding  the  agglutination  test  to  be 
more  accurate  than  the  pullorin  or  in- 
tradermal  test.  Ninety-six  per  cent 
of  the  tests  made  by  eight  laboratories 
of  sera  from  25  reactors  were  in  agree¬ 
ment. 

Recent  work  at  the  stations  indicates 
that  pullorum  infection  of  the  lung  is 
the  cause  of  much  of  the  so-called 
brooder  pneumonia.  This  is  the  con¬ 
clusion  of  the  Kansas  station,  which 
found  that  when  the  lung  is  thus  in¬ 
fected,  chicks  may  die  without  any 
symptoms  of  diarrhea  and  that  the  af¬ 
fection  may  be  as  fatal  as  when  it  oc¬ 
curs  in  the  digestive  tract.  In  incu¬ 
bator  fumigation  0.35  cubic  centimeter 
of  formalin  mixed  with  0.175  gram 
of  potassium  permanganate  was 
found  by  the  Kansas  station  to  be 
the  correct  dose  per  cubic  foot  of  in¬ 
cubator  capacity,  this  dose  being  effec¬ 
tive  in  destroying  the  organism  and 
not  affecting  the  hatchability  of  the 
eggs.  Lung  infection  with  this  or¬ 
ganism  was  found  by  the  Michigan 
station  to  be  quite  common  in  young 
chicks,  the  infected  lungs  usually 
showing  small  grayish  nodules.  The 
Illinois  station  concluded  that  brooder 
pneumonia  is  in  most  cases  a  lung 
type  of  pullorum  infection.  The  sta¬ 
tion  found  that  in  one  group  of  fowls 
reacting  to  the  agglutination  test  for 
pullorum  disease  which  was  kept  in 
the  same  pen  with  nonreacting  fowls 
for  several  months  the  disease  gradu¬ 
ally  spread  when  nonreacting  males 
were  added  to  the  pen. 

The  darkening  of  a  brooder  for  72 
hours  after  hatching  occurs  was  found 
by  the  Ohio  station  to  be  of  value  in 
controlling  the  spread  of  pullorum  dis¬ 
ease  in  chicks.  The  causative  organ¬ 
ism  in  nonfertile  incubator  eggs  was 
found  by  the  Pennsylvania  station  to 
be  destroyed  by  boiling  for  five  min¬ 
utes.  That  pullorum  infection  may 
readily  spread  among  adult  fowls  by 
association  of  noninfected  and  infected 
bens  without  the  presence  of  males 
was  the  conclusion  of  the  California 
and  Kentucky  stations. 

Poults  from  2  to  3  weeks  of  age  were 
found  by  the  Michigan  station  to  be  in¬ 
fected  with  Salmonella  pullorum  from 
contact  with  baby  chicks  which  later 
showed  evidence  of  the  disease. 


Fowl  pox. — Fowl  pox,  an  important 
limiting  factor  in  poultry  production, 
was  given  much  attention  by  the  sta¬ 
tions,  the  work  being  aimed  particu¬ 
larly  at  prevention  through  vaccina¬ 
tion.  The  Ohio  station  concluded  that 
any  of  the  several  methods  of  cuta¬ 
neous  vaccination  are  effective  in  pro¬ 
ducing  immunity  to  pox.  The  Western 
Washington  station  found  that  immu¬ 
nity  to  cutaneous  vaccination  may  last 
as  long  as  two  years.  It  produced 
complete  protection  against  subsequent 
natural  infection  of  fowl  pox.  Vacci¬ 
nation  resulted  in  the  production  of  an 
active  immunity  in  the  pullets  and 
nonappearance  of  the  disease  in  sev¬ 
eral  commereial  flocks  in  which  it  had 
been  endemic  for  several  years  in 
Idaho.  In  the  cutaneous  vaccination 
at  the  New  Hampshire  station  it  was 
found  that  the  smaller  the  number  of 
follicles  infected  the  less  the  evidence 
of  vaccination  sickness,  any  number  of 
follicles  from  3  to  12  appearing  to  con¬ 
fer  lasting  immunity.  The  California 
station  found  that  the  vaccination  of 
healthy  cockerels  and  nonlaying  pul¬ 
lets  or  hens  was  a  relatively  safe  pro¬ 
cedure.  The  Indiana  station  observed 
that  chickens  vaccinated  in  the  skin 
of  the  leg  with  unattenuated  fowl-pox 
virus  did  not  develop  symptoms  of  pox 
or  roup  following  pen  exposure  to  the 
disease  or  inoculation  of  the  comb 
with  pox  virus.  It  was  found  by  the 
Illinois  station  that  avian  diphtheria 
can  be  reduced  and  possibly  elimi¬ 
nated  in  many  flocks  if  cutaneous 
fowl-pox  vaccine  is  properly  used  dur¬ 
ing  August,  September,  and  October 
before  the  fowls  '  go  into  winter 
quarters. 

Olher  podtiry  diseases. — The  California 
station  obtained  good  results  from  the 
use  of  the  autogenous  bacterin  for 
fowl  typhoid  in  a  flock  of  hens  and 
roup  in  a  flock  of  pigeons.  Asper¬ 
gillus  fumigatus  was  found  by  the 
Michigan  station,  to  cause  an  affection 
of  the  kidney  and  other  visceral  organs 
of  the  chick  characterized  by  necrosis. 

So-called  infectious  bronchitis  has 
become  a  serious  infection  of  poultry 
in  the  United  States.  The  infectious 
nature  of  this  disease  was  demon¬ 
strated  by  the  Western  Washington 
station  both  from  natural  outbreaks 
and  experimental  inoculations.  The 
Illinois  station  showed  that  the  disease 
may  be  communicated  from  infected 
to  healthy  fowls  by  contact  or  by  pen 
exposure,  that  the  disease  is  highly 
contagious  and  the  virus  is  present  in 
the  mouths  and  respiratory  tracts  of 
infected  birds,  and  that  an  acute  septi- 


52 


REPORT  Ois"  THE  EXPERIMENT  STATIONS,  19  2  9 


cemic  form  of  bronchitis  in  fowls  may 
cause  death  in  a  few  hours. 

That  the  incidence  of  fowl  paralysis 
in  flocks  previously  suffering  losses 
from  coccidiosis  may  run  as  high  as 
50  per  cent  and  that  the  association 
of  tapeworms  and  other  intestinal 
parasites  with  paralysis  is  quite 
marked  wms  the  conclusion  drawn  by 
the  Kansas  station.  Investigations  by 
the  Florida  station  indicated  an  asso¬ 
ciation  of  the  disease  with  the  pres¬ 
ence  of  coccidia  and  of  intestinal 
worms.  The  Michigan  station  reported 
that  the  small  coccidia  were  found  in 
specimens  from  typical  cases  of  so- 
called  range  paralysis  received  from 
Ontario,  New  Jersey,  Ohio,  and  Illi¬ 
nois  in  addition  to  many  from  Michi¬ 
gan.  Pigeons  exhibiting  symptoms 
similar  to  those  observed  in  coccidio¬ 
sis  of  chickens,  including  lameness  and 
paralysis,  were  found  to  be  infected 
with  numerous  coccidia  morphologi¬ 
cally  indistinguishable  from  those 
found  in  chickens,  the  duodenum  be¬ 
ing  the  seat  of  infection. 

The  Virginia  station  found  that  ka- 
mala,  was  eifective  for  tapeworms  and 
nicotine  sulphate  for  roundworms,  but 
that  when  combined  they  removed 
neither  tapeworms  nor  roundworms. 
The  administration  of  carbon  tetra¬ 
chloride  was  found  by  the  Kansas  sta¬ 
tion  to  remove  nematode  worms  (A.s- 
caridia  lineata)  with  scarcely  any  ill 
effect  upon  the  fowls. 

In  work  on  the  effect  of  weed-con¬ 
trol  chemicals  on  sheep  the  Idaho  sta¬ 
tion  found  that  a  total  of  3  ounces  of 
sodium  chlorate  or  calcium  chlorate 
given  in  two  equal  doses  four  hours 
apart  was  sufficient  to  kill  yearling 
wethers  weighing  approximately  100 
pounds  each. 

William  A.  Hooker. 

FOODS  AND  HUMAN  NUTRITION 

No  hard  and  fast  line  can  be  drawn 
between  research  in  animal  and  in 
human  nutrition  or  even  between  that 
dealing  with  foods  and  feeding  stuffs, 
for  fundamental  truths  concerning 
nutrition  are  generally  applicable  alike 
to  animals  and  to  man,  and  general 
principles  underlying  the  occurrence  of 
certain  food  constituents  hold  for 
many  foods  used  for  animal  as  well  as 
human  consumption.  Many  recent  de¬ 
velopments  in  animal  nutrition  have 
an  important  bearing  upon  human  nu¬ 
trition  and  conversely  some  of  the  re¬ 
sults  to  be  reported  in  this  section  may 
be  of  interest  to  those  concerned  with 
animal  nutrition. 


The  more  important  contributions  of 
the  year  in  this  field  included  further 
information  on  the  effect  of  various 
factors  upon  the  content  and  stability 
of  the  vitamins  in  foods  used  for  hu¬ 
man  consumption ;  the  improvement  of 
technic  for  determining  the  distribu¬ 
tion  of  the  vitamins  generally  termed 
B  and  G  and  further  knovvdedge  of  the 
requirements  for  these  vitamins,  par¬ 
ticularly  in  infant  feeding;  new  data 
by  refined  technic  on  the  distribution 
of  copper  and  iron  in  natural  foods 
and  confirmation  of  earlier  work  on 
the  importance  of  these  elements  in 
the  prevention  and  cure  of  nutritional 
anemia ;  and  practical  information  on 
the  dietary  habits  and  food  expendi¬ 
tures  of  rural  people  in  various  sec¬ 
tions  of  the  country.  The  brief  review 
which  follows  is  intended  to  serve  as 
an  indication  of  the  general  trend  of 
research  along  these  lines  rather  than 
as  a  summary  of  all  of  the  contribu¬ 
tions  of  the  year  under  the  topics 
listed. 

Vitamin  content  of  foods. — The  dis¬ 
tribution  of  vitamins  in  cereal  grains, 
particularly  corn  or  maize,  has  re¬ 
ceived  considerable  attention.  Deter¬ 
minations  at  the  Texas  station  on  corn 
secured  from  various  parts  of  the 
State  indicated  that  yellow  corn  con¬ 
tains  three  times  as  much  vitamin  A 
as  strawberry  corn  and  about  one 
hundred  times  as  much  as  white  corn. 
At  the  New  Jersey  stations  a  yellow 
dent  corn  was  found  to  be  about  50 
per  cent  more  potent  as  a  source  of 
vitamin  A  than  a  white-capped  yellow 
dent  corn.  The  heritable  nature  of 
such  differences  was  shown  at  the  In¬ 
diana  station  by  the  distribution  of 
vitamin  A  in  F2  segregating  kernels 
of  crosses  of  yellow  dent  and  white 
dent  corn.  Vitamin  A  appeared  always 
to  be  associated  with  the  yellow  endo¬ 
sperm  and  lacking  in  the  corn  grains 
of  white  endosperm  even  when  both 
were  borne  on  the  same  ears.  The 
genetic  factors  responsible  for  yellow’ 
pigmentation  and  vitamin  A  occur¬ 
rence  could  not  be  separated ;  there- 
was  no  evidence  of  vitamin  A  in 
grains  possessing  pure  white  endo¬ 
sperm,  and  in  hybrid  red  maize 
vitamin  A  was  found  only  in  kernels 
possessing  yellow  endosperm.  These 
findings  are  of  value  to  the  corn 
breeder  who  washes  to  produce  strains 
of  high  nutritive  value,  and  to  the 
farmer  concerned  wdth  livestock  feed¬ 
ing.  From  the  standpoint  of  food 
F  election  they  are  of  value  in  con¬ 
firming  the  general  rule  that  vitamini 
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A  follows  yellow  pigmentation.  Of 
more  practical  interest  for  tlie  house¬ 
wife  is  the  Michigan  station’s  finding 
that  commercially  canned  Golden 
Bantam  corn  was  very  high  in  vitamin 
A,  while  the  white  Country  Gentleman 
variety  was  almost  free  from  it. 

A  recently  completed  part  of  a  pro¬ 
longed  investigation  at  the  Illinois  sta¬ 
tion  of  the  distribution  of  vitamins  in 
the  structural  parts  and  milling  prod¬ 
ucts  of  cereal  grains  showed  the  con¬ 
tent  and  distribution  of  vitamin  A  in 
the  nine  products  obtained  in  the  wet¬ 
milling  process  of  making  starch  from 
whole  yellow  corn.  As  noted  in  the 
preliminary  report  of  this  investiga¬ 
tion,  the  greater  part  of  the  vitamin  A 
was  recovered  in  the  gluten  which,  to¬ 
gether  with  the  steep  water,  reel  slop, 
and  grits,  constitutes  the  commercial 
gluten  feed.  Contrary  to  the  general 
idea  of  a  concentration  of  vitamins  in 
the  germs,  corn  germs  contained  inap¬ 
preciable  amounts  of  vitamin  A  when 
fed  as  such.  The  presence  of  a  slight 
amount  in  the  germ  was  shown  by  a 
fairly  high  concentration  in  the  crude 
oil  extracted  from  it,  but  the  refined 
oil  was  free  from  it. 

Knowledge  of  the  importance  of  a 
liberal  supply  of  vitamin  A  and  of  the 
much  higher  content  of  this  vitamin  in 
yellow  than  in  white  corn  has  already 
led  to  extensive  replacement  of  w’hite 
corn  by  yellow  corn  in  animal  feeding, 
but  in  many  sections  of  the  country 
white  varieties  of  sweet  corn  still  are 
preferred  over  yellow  and  white  corn 
meal  over  yellow  for  human  consump¬ 
tion.  When  the  food  supply  contains 
an  abundance  of  vitamin  A  from  other 
sources  the  choice  between  yellow  and 
w’hite  corn  is  not  important,  but  where 
the  food  supply  is  limited  and  corn 
meal  is  used  quite  extensively  yellow 
corn  is  preferable.  The  Illinois  sta¬ 
tion  found  that  the  concentration  of 
Vitamin  A  in  the  oat  kernel  is  negligi¬ 
ble.  Oat  oil  was  found  to  contain 
some  vitamin  A,  but  in  quantities  too 
small  to  make  oats  of  any  value  as  a 
source. 

The  earlier  studies  at  the  Illinois 
station  on  vitamin  distribution  in 
■cereal  grains  were  concerned  with  vita¬ 
min  B.  The  differentiation  of  this 
into  at  least  two  factors  necessitated 
a  reexamination  of  the  various  cereal 
grains  as  sources  of  vitamin  B  (F) 
and  G.  As  this  work  was  started 
before  the  technic  for  determining 
these  factors  separately  had  been  de¬ 
veloped  satisfactorily,  this  problem 
had  first  to  be  met.  In  vitamin  G  de¬ 


terminations  tikitiki,  an  alcoholic  ex¬ 
tract  of  rice  polishings,  was  being  used 
as  a  source  of  vitamin  B,  but  was  con¬ 
sidered  not  to  be  as  free  from  G  as 
has  been  taken  for  granted  by  some 
investigators.  A  study  is  now  under 
way  to  determine  the  exact  value  of 
the  material  as  a  source  of  both  vita¬ 
mins  B  and  G  in  order  that  proper 
allowance  may  be  made  for  its  vita¬ 
min  G  content  when  used  as  the  source 
of  vitamin  B  in  vitamin  G  experi¬ 
ments. 

The  possible  presence  of  traces  of 
vitamin  G  in  cornstarch  led  to  the 
substitution  of  dextrose  for  starch  in 
the  basal  diet.  Another  precaution 
considered  advisable  in  vitamin  G  ex¬ 
periments  is  to  autoclave  the  material 
to  be  tested  in  order  to  destroy  most  of 
the  vitamin  B  which  may  be  present. 
Preliminary  studies  on  the  distribution 
of  vitamins  B  and  G  showed  that  the 
whole-grain  cereals  rice,  wheat,  corn, 
and  oats  are  better  sources  of  B  than 
of  G,  but  that  they  contain  appreci¬ 
able  amounts  of  vitamin  G.  Auto¬ 
claved  oats  fed  at  a  50  per  cent  level 
as  the  sole  source  of  vitamin  G,  with 
vitamin  B  supplied  by  tikitiki,  fur¬ 
nished  sufficient  vitamin  G  for  growth 
approaching  normal.  Two  commercial 
oat  products  used  as  cereal  foods  were 
found  to  retain  almost  all  of  their 
original  vitamin  B  potency,  thus  show¬ 
ing  no  appreciable  alteration  in  the 
properties  of  vitamins  B  and  G  in  the 
manufacturing  process. 

Whole  corn,  hominy  feed,  and  corn 
germs  fed  as  the  sole  source  of  vita¬ 
mins  B  and  G  proved  insufficient  for 
the  needs  of  lactaticm  in  rats,  but  nor¬ 
mal  young  were  raised  when  auto¬ 
claved  yeast  was  added  to  increase  the 
vitamin  G  content  of  the  diet.  A  fur¬ 
ther  study  is  being  made  of  the  rela¬ 
tive  needs  of  the  lactating  mother  for 
vitamins  B  and  G. 

As  a  direct  outcome  of  the  demon¬ 
stration  at  the  Wisconsin  station  that 
many  food  materials  can  be  rendered 
antirachitic  by  suitable  irradiation 
there  became  available  during  the  past 
year  a  number  of  cereal  breakfast 
foods  treated  commercially  with  ultra¬ 
violet  rays.  Monthly  tests  at  the  Wis¬ 
consin  station  of  the  antirachitic  po¬ 
tency  of  two  of  these  commercially  ir¬ 
radiated  products  showed  that  they 
conformed  to  the  standards  set,  and 
that  ordinary  cooking  does  not  de¬ 
crease  the  antirachitic  activity.  With 
the  short  time  of  exposure  necessary 
to  secure  the  standard  degree  of  acti¬ 
vation  no  destruction  of  vitamin  A  or 
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the  vitamin  B  complex  is  considered 
to  take  place. 

The  feasibility  of  irradiating  ice 
cream  was  tested  at  the  New  Jersey 
stations,  where  it  was  found  that  when 
an  ice-cream  mix  of  8  per  cent  fat  con¬ 
tent  was  irradiated  with  a  Cooper- 
Hewitt  lamp  in  a  thin  film  at  a  dis¬ 
tance  of  12  inches  for  10  minutes,  the 
desired  healing  of  rickets  in  rats  could 
be  accomplished  by  feeding  the  ice 
cream  at  a  4  per  cent  level.  The  ma¬ 
terial  thus  irradiated  had  an  objec¬ 
tionable  fishy  odor.  By  increasing  the 
butterfat  content  of  the  mix  to  18  per 
cent  fat  the  time  of  irradiation  could 
be  shortened  to  such  an  extent  that 
the  flavor  of  the  samples  thus  irradi¬ 
ated  was  not  objectionable. 

The  Wisconsin  station  stated  thai 
freshly  made  sauerkraut  and  sauer¬ 
kraut  juice  may  be  expected  to  be 
about  half  as  rich  in  vitamin  G  as  the 
cabbage  used  in  its  preparation.  Com¬ 
mercially  canned  sauerkraut  varied 
considerably  in  content  of  vitamin  C, 
although  in  general  the  better  brands 
were  about  as  good  sources  of  this 
vitamin  as  the  freshly  prepared  sauer¬ 
kraut. 

Of  interest  in  connection  with  the 
question  of  possible  deleterious  effects 
of  sulphur  dioxide  in  dried  fruits  and 
legislation  in  some  States  against  the 
practice  was  the  observation  of  the 
California  station  that  while  vitamin 
C  was  almost  completely  destroyed 
during  the  dehydration  or  sun-drying 
of  such  fruits  as  peaches  and  apri¬ 
cots  without  sulphuring,  the  sulphured 
dried  fruits  showed  practically  no  loss 
in  vitamin  C  content. 

Vitamins  B  and  G  and  their  influsnce  on  re¬ 
production  and  lactation.- — Although  abso¬ 
lute  uniformity  has  not  yet  been 
reached  concerning  the  nomenclature 
of  the  two  vitamins  now  known  to  con¬ 
stitute  vitamin  B,  the  recommendation 
of  a  committee  of  the  American  So¬ 
ciety  of  Biological  Chemists  that  they 
be  called  B  (antineuritic)  and  G  ('an- 
tipellagric)  was  generally  followed. 
Studies  on  their  differentiation  wmre 
proceeding  at  the  Alabama  and  Ohio 
stations.  Certain  improvements  in 
technic  for  determining  the  two  vita¬ 
mins  separately  in  food  materials  have 
been  made  at  the  Illinois  station.  The 
California  station  emphasized  the  im¬ 
portance  of  a  uniform  basal  diet  for 
the  determination  of  vitamin  B  and 
recommended  as  most  sensitive  for 
this  purpose  a  diet  consisting  of  20 
parts  of  extracted  casein,  70  of  su¬ 


crose,  4  of  salts,  and  10  of  autoclaved 
yeast. 

The  Arkansas  station  has  concen¬ 
trated  attention  on  the  specific  effects 
of  a  deficiency  of  the  vitamin  B  com¬ 
plex  on  the  blood  of  nursing  young  and 
to  differentiate  between  vitamins  B 
and  G  in  the  requirements  of  the  vita¬ 
min  B  complex  for  lactation.  The 
blood  of  the  nursing  young  of  rats  on 
very  limited  amounts  of  the  vitamin  B 
complex  was  found  to  have  a  pro¬ 
gressively  decreasing  content  of  sugar ; 
a  more  complete  examination  pointed 
to  the  development  of  anhydremia  ac¬ 
companied  by  marked  fluctuations  in 
the  concentration  of  hemoglobin  and 
erythrocytes.  Like  symptoms  were  ob¬ 
tained  when  the  deficiency  was  limited 
to  vitamin  B  by  the  administration  of 
autoclaved  yeast  as  the  source  of  G. 
Deficiency  in  vitamin  A  or  in  vitamin 
E  apparently  had  no  specific  effect 
upon  blood  composition.  That  vita¬ 
min  G  is  also  concerned  in  the  require¬ 
ments  for  lactation  was  demonstrated 
with  lactating  rats  by  the  use  of  rice 
polishings  (rich  in  G  but  low  in  B) 
as  supplements  to  a  diet  deficient  in 
both  B  and  G.  The  addition  of  rice 
polishings  alone  to  the  mother’s  diet 
caused  rapid  growth  of  the  young  for 
a  short  time  and  then  was  followed  by 
maintenance.  The  subsequent  addi¬ 
tion  of  autoclaved  yeast  brought  about 
renewal  of  growth. 

Evidence  that  vitamin  G  may  be  at 
least  as  important  as  B  for  lactation 
was  also  obtained  by  the  Illinois  and 
Iowa  stations.  The  Illinois  station 
found  that  lactating  rats  receiving  a 
limited  amount  of  vitamin  B  and  a 
more  liberal  supply  of  vitamin  G 
raised  their  litters  more  successfully 
than  rats  receiving  a  limited  amount 
of  G  and  a  more  liberal  supply  of  B. 
It  was  found  impossible,  however,  to 
secure  successful  reproduction  and 
lactation  when  autoclaved  yeast  was 
the  sole  source  of  the  vitamin  B 
complex. 

At  the  Iowa  station  rats  were  car¬ 
ried  through  three  generations  on  a 
diet  containing  50  per  cent  lean  meat 
autoclaved  for  one  and  one-half  hours 
at  15  pounds  pressure  and  supple¬ 
mented  with  all  the  known  accessory 
factors.  During  lactation  various  fac¬ 
tors  which  supposedly  promote  milk 
flow  were  added,  and  the  effects  of 
these  additions  were  studied  by  means 
of  histological  examination  of  mam¬ 
mary  gland  tissues  and  hemoglobin  de¬ 
terminations  of  the  blood  of  the  young 
at  28  days  of  age.  The  materials 
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tested  have  included  wheat-germ  oil, 
tikitiki  extract,  autoclaved  j^east,  in¬ 
creased  j^east  in  the  basal  ration,  and 
lemon  juice  to  furnish  additional 
amounts  of  vitamins  E,  B,  G,  B  and  G, 
and  G,  respectively.  Of  the  various 
additions  autoclaved  yeast  has  given 
the  best  results,  thus  demonstrating 
the  importance  of  vitamin  G  for  lac¬ 
tation. 

Medical  literature  of  the  past  year 
reported  the  aplication  to  human  nu¬ 
trition  of  these  laboratory  findings  con¬ 
cerning  the  increased  requirements  for 
vitamins  B  and  G  in  lactation.  Diets 
exceptionally  rich  in  these  vitamins 
are  said  to  increase  both  the  quality 
and  quantity  of  breast  milk. 

Nulritiona!  anemia. — The  discovery  at 
the  Wisconsin  station  of  the  supple¬ 
menting  action  of  copper  for  iron  in 
tiie  regeneration  of  hemoglobin  in  rab¬ 
bits  and  rats  rendered  anemic  by  an 
exclusive  milk  diet  was  confirmed  by 
further  investigation  at  the  same  sta¬ 
tion  and  by  similar  studies  at  the  Ohio 
and  Kansas  stations.  At  the  latter 
station,  however,  it  was  thought  that 
manganese  also  possesses  this  supple¬ 
menting  action  for  iron.  In  the  con¬ 
tinuation  of  the  Wisconsin  studies  iron 
wire  such  as  is  used  in  the  preparation 
of  pure  iron  salts  was  found  to  contain 
sufficient  copper  to  cure  anemia  in  rats 
when  the  salts  prepared  from  it  were 
fed  at  high  levels,  but  when  these  salts 
were  freed  from  copper  by  treatment 
with  hydrogen  sulphide  they  were  no 
longer  capable  of  curing  anemia.  This 
suggested  that  the  success  reported  in 
the  treatment  of  anemias  with  heavy 
doses  of  so-called  pure  salts  is  attribut¬ 
able  to  copper  contamination  of  the 
salts.  This  might  also  be  true  in  the 
cure  of  human  anemias  with  inor¬ 
ganic  iron. 

Further  proof  that  copper  is  the  ele¬ 
ment  responsible  for  the  supplement¬ 
ing  effect  for  iron  in  the  cure  of  milk 
anemia  in  rats  was  obtained  in  the 
cure  of  such  anemias  by  pure  iron 
salts  supplemented,  respectively,  by 
several  liver  fractions,  hydrogen  sul¬ 
phide  fractions  of  the  acid  extracts  of 
the  ash  of  two  of  these  preparations, 
and  copper  as  a  solution  of  copper 
sulphate,  all  furnishing  the  same 
amount  of  copper.  Meantime  the  Kan¬ 
sas  station  had  reported  success  in 
hemoglobin  re5:eneration  in  rabbits 
and  rats  with  supposedly  pure  man¬ 
ganese  salts  as  well  as  with  copper- 
salts  as  a  supplement  to  iron.  The 
response  to  manganese  was  not  quite 
as  rapid  as  with  copper,  but  the  re¬ 


sponse  to  both  copper  and  manganese' 
was  more  rapid  than  to  either  alone. 
This  was  thought  to  indicate  the  exist¬ 
ence  of  a  group  of  substances  rather 
than  a  single  substance  with  supple¬ 
menting  effect  for  iron.  This  opinion 
was  also  shared  by  other  investiga¬ 
tors,  who  reported  a  response  with 
various  other  salts. 

Prior  to  the  first  announcement  from 
the  Wisconsin  station  of  the  supple¬ 
menting  effect  of  copper  for  iron,  an 
investigation  had  been  begun  at  the 
Ohio  station  to  determine  the  nutritive 
deficiency  in  milk  which  is  responsible 
for  the  production  of  anemia.  Various 
iron  compounds  had  been  found  in¬ 
effective  as  a  supplement  to  milk  for 
the  prevention  of  anemia  in  rats.  In 
accord  with  the  suggestion  made  by 
the  VTsconsin  workers,  copper  sul¬ 
phate  in  0.16  milligram  daily  amounts 
was  administered  to  the  rats  and  was 
found  to  be  effective  when  given  either 
as  a  supplement  to  iron  or  alone.  The 
success  of  the  copper  alone  was 
thought  to  indicate  that  the  small 
amount  of  iron  in  milk  was  rendered 
more  available  by  the  copper  and  to 
point  to  as  serious  a  deficiency  of 
copper  as  of  iron  in  milk. 

The  various  constituents  of  ordinary 
synthetic  rations  were  fed  one  by  one 
as  supplements  to  the  milk,  and  the 
materials  found  effective  were  ana¬ 
lyzed  for  iron  and  copper.  Of  the 
materials  used,  agar,  casein,  starch, 
and  yeast  were  effective  and  rice 
polishings,  cod-liver  oil,  irradiated 
milk,  and  wheat-germ  oil  ineffective. 
The  negative  results  definitely  ex¬ 
cluded  vitamins  B.  A,  D,  and  E  as 
having  any  supplementary  effect  for 
milk  in  hemoglobin  production.  A 
rather  definite  relationship  was  estab¬ 
lished  between  effectiveness  in  the 
regeneration  of  hemoglobin  and  the 
proportion  of  copper  and  iron  in  the 
supplementing  materials.  The  hemo¬ 
globin  levels  were  the  highest  when  at 
least  0.45  milligram  of  iron  and  0.04 
milligram  of  copper  were  furnished 
per  rat  per  day,  the  e  amounts  corre¬ 
sponding  very  closely  with  figures  re¬ 
ported  by  the  Wisconsin  station  as 
most  effective. 

In  order  to  answer  the  claim  of  the 
Kansas  investigators  and  others  that 
copper,  while  admittedly  effective,  is 
not  specific  as  a  supplement  to  iron  in 
the  production  of  hemoglobin,  the  in¬ 
vestigation  at  the  Wiscon:-in  station 
was  extended  to  other  elements.  Pure 
salts  of  12  different  elements  were 
tested  alone  and  in  combination  for- 
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tlieir  ability  to  supplement  a  diet  of 
whole  milk  and  iron  in  the  production 
of  hemoglobin  in  rats.  Special  atten¬ 
tion  was  paid  to  manganese,  including 
the  testing  of  a  sample  of  the  man¬ 
ganese  carbonate  found  effective  at  the 
Kansas  station.  With  the  exception 
of  arsenic,  which  produced  a  slight 
but  temporary  effect,  negative  results 
were  consistently  obtained  with  all 
of  the  salts  tested. 

There  is  always  a  question  of  the 
validity  of  applying  to  human  nutri¬ 
tion  results  obtained  in  animal-feeding 
tests,  but  the  more  universal  the  re¬ 
sults  with  different  species  of  animals 
the  more  likely  they  are  to  be  appli¬ 
cable  to  the  human  species.  The  first 
of  these  nutritional  anemia  studies 
vrere  conducted  on  rabbits,  the  later 
ones  on  rats,  and  still  more  recently 
the  Wisconsin  studies  were  extended 
to  chicks,  with  similar  results.  Con¬ 
siderable  difficulty  was  at  first  en¬ 
countered  because  normal  growth 
could  not  be  secured  in  chicks  on  an 
exclusively  milk  diet,  and  various 
additions  to  the  milk  contained  suffi¬ 
cient  iron  and  copper  to  render  the 
results  valueless.  The  basal  diet 
finally  selected  consisted  of  granulated 
starch  supplemented  with  alcohol  and 
ether-extracted  yeast.  On  this  diet 
anemia  was  quickly  produced  and 
cured  by  the  addition  of  purified  ferric 
chloride  with  minute  amounts  of  cop¬ 
per  but  not  by  the  iron  salt  alone. 

As  the  evidence  is  indisputable  that 
copper  supplements  iron  in  hemoglobin 
production  (whatever  may  be  the  final 
conclusion  concerning  manganese), 
copper  is  now  added  to  the  indispen¬ 
sable  food  elements,  and  a  knowledge 
of  its  relative  distribution  in  natural 
foods  is  of  interest.  A  survey  at  the 
Wisconsin  station  of  existing  methods 
for  the  quantitative  determination  of 
•copper  in  biological  materials  led  to 
the  adoption,  with  certain  modifica¬ 
tions,  of  an  Italian  colorimetric  pro¬ 
cedure  by  means  of  which  it  is  possible 
to  analyze  samples  containing  as  small 
an  amount  as  0.02  milligram  of  cop¬ 
per.  By  the  use  of  this  method  the 
copper  content  was  determined  of  over 
150  common  food  materials  which 
had  previously  been  analyzed  for  iron 
and  manganese.  The  figures  ranged 
from  0.1  milligram  per  kilogram  of 
the  fresh  material  in  celery  to  44.1 
milligrams  in  fresh  calves’  liver. 
Other  individual  foods  relatively  high 
in  copper  content  were  oysters,  choco¬ 
late,  cocoa,  and  molasses.  Strangely 
enough,  green  vegetables,  which  rank 


high  as  sources  of  iron,  were  relatively 
low  in  copper.  Arranged  in  descend¬ 
ing  order  of  copper  content,  the  dif¬ 
ferent  classes  of  foods  were  as  fol¬ 
lows  :  Nuts,  dried  legumes,  cereals, 
dried  fruits,  poultry,  fish,  animal 
tissues,  green  legumes,  roots  and  tu¬ 
bers,  leafy  vegetables,  fresh  fruits, 
and  noiileafy  vegetables.  Samples  of 
milk  from  different  sections  of  the 
country  shovced  only  slight  variations 
in  copper  content,  the  range  being 
from  0.123  to  0.184  milligram  per  liter. 
Attempts  to  increase  the  copper  con¬ 
tent  of  milk  by  supplementing  the 
cows’  ration  with  copper  were  unsuc¬ 
cessful.  The  Kansas  station  found, 
however,  that  dry  whole  milk  which 
had  been  manufactured  in  copper 
vacuum  pans  contained  sufficient  cop¬ 
per  to  prevent  nutritional  anemia  in 
rats  when  fed  with  a  supplement  of 
iron  alone. 

The  principal  conclusion  that  can 
be  drawn  from  these  studies  as  a 
whole  is  that  simple  nutritional  ane¬ 
mia  should  no  longer  be  considered 
'from  the  standpoint  of  a  deficiency  of 
iron  alone  in  the  diet,  but  that  atten¬ 
tion  should  be  paid  to  copper  as  vrell. 

Food  consumption  and  expenditure, — The 
grovrth  of  the  cafeteria  system  in  in¬ 
stitutions  and  elsewhere  and  the  ex¬ 
pansion  of  drug-store  soda  fountains 
into  lunch  rooms  has  made  the  ques¬ 
tion  of  food  value  received  for  money 
spent  in  such  eating  places  of  impor¬ 
tance  to  those  who  are  trying  to  live 
economically.  The  New  Hampshire 
station  determined  the  energy  value 
and  protein  content  of  a  large  number 
of  individual  foods  and  food  combina¬ 
tions  regularly  eaten  in  college  cafe¬ 
terias  and  restaurants  and  at  soda 
fountains,  and  calculated  the  results 
in  terms  of  servings  and  amounts 
purchasable  for  10  cents.  The  data 
reported  emphasize  the  wide  variations 
in  food  value  of  different  combina¬ 
tions  of  equal  cost  and  the  high  calorie 
value  of  many  of  the  between-meal 
and  soda-fountain  foods.  Sandwiches, 
while  varying  widely  according  to 
their  filling,  averaged  about  200  calo¬ 
ries  and  from  5  to  10  grams  of  protein 
for  10  cents.  Five-cent  package  sand¬ 
wiches,  consisting  of  crackers  with 
various  fillings,  averaged  about  200 
calories  each,  and  5-cent  package 
candies  about  225  calories  each.  The 
meals  served  at  the  home  economics 
practice  house  for  a  week  averaged 
2,450  calories  and  61  grams  of  protein 
per  person  per  day.  Thirty-four  din¬ 
ners  selected  by  the  students  at  the 
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college  cafeteria  furnished  from  517  to 
1,610  calories  each,  the  calories  pur¬ 
chasable  for  10  cents  varying  from  165 
to  410  and  the  protein  from  6  to  11 
grams  each.  It  was  thought  that  more 
attention  should  be  paid  in  college 
cafeterias  to  giving  the  students  an 
approximate  idea  of  the  value  of  the 
food  they  purchase. 

A  recent  investigation  at  the  Ohio 
station  of  the  food  consumption  and 
expenditures  of  rural  families  in  the 
State  showed  that  16.62  per  cent  of  the 
total  expenditure  for  food  was  for  milk 
and  dairy  products,  25  per  cent  for 
fruits  and  vegetables,  and  23.39  per 
cent  for  meat,  fish,  and  poultry. 
Checked  against  the  Sherman  rules 
that  whatever  the  level  of  expenditure, 
at  least  as  much  should  be  spent  for 
each  of  the  two  groups  milk  and  dairy 
products  and  fruit  and  vegetables  as 
for  meat,  poultry,  and  fish,  these  diets 
were  above  the  standard  for  fruits  and 
vegetables  and  only  slightly  below  for 
milk  and  dairy  products.  Based  on 
1928  price  indexes,  the  average  cost 
per  man  per  day  of  these  diets  was  41 
cents. 

Calculated  in  terms  of  percentage 
distribution  of  total  calories,  the  diets 
of  nearly  50  Utah  families  were  found 
to  be  above  the  standards  for  milk  and 
dairy  products  and  slightly  below  for 
fruits  and  vegetables. 

In  a  survey  of  the  food  habits  and 
hygienic  and  general  nutritive  condi¬ 
tions  of  359  white  and  1S2  negro  chil¬ 
dren  of  preschool  age  in  South  Caro¬ 
lina,  only  60.6  per  cent  of  the  white 
and  49  per  cent  of  the  negro  children 
were  found  to  be  of  normal  weight  ac¬ 
cording  to  the  Woodbury  height- 
weight  standards.  In  comparison  with 
an  arbitrarily  adopted  optimum  scale 
for  food  selection,  the  diet  scores  were 
somewhat  higher  for  the  white  than 
for  the  negro  children  in  milk  and 
eggs,  about  the  same  for  fruits,  and 
loTver  for  vegetables.  In  total  score 
the  white  children  averaged  only  64.1 
and  the  negro  51.7  per  cent.  These  low 
scores  were  attributed  in  measure  to 
lack  of  knowledge  on  the  part  of  the 
parents  of  the  food  requirements  of 
children. 

Sybil  L.  Smith. 

RURAL  HOME  MANAGEMENT 

Rural  home  management,  although 
still  a  relatively  undeveloped  field  of 
home  economics  research,  is  receiving 
increased  attention  at  the  experiment 
stations.  A  number  of  important  con¬ 
tributions  were  made  to  the  subject 


during  the  year,  especially  with  ref¬ 
erence  to  the  use  of  time  by  farm 
home  makers,  efiiciency  of  the  house¬ 
hold  plant,  and  rural  family  living. 

Tlie  use  of  time  by  farm  borne  makers.: — 
Results  of  studies  by  the  Oregon, 
Rhode  Island,  and  Washington  stations 
and  by  the  Bureau  of  Home  Economics 
of  the  Department  of  Agriculture, 
where  the  technic  was  chiefly  devel¬ 
oped,  have  made  it  possible  to  com¬ 
pare  the  time  spent  in  various  activi¬ 
ties  by  farm  women  in  different 
sections  of  the  country. 

The  average  expenditure  of  time  of 
the  288  farm  home  makers  from  whom, 
records  were  obtained  by  the  Oregon 
station  was  63  hours  and  44  minutes 
per  week,  of  which  51  hours  and  34 
minutes  or  81  per  cent  of  the  total 
time  was  devoted  to  home-making  ac¬ 
tivities.  The  apportionment  of  this 
time  to  the  various  activities  consti¬ 
tuting  home  making  was  as  follows: 
Food  activities,  24  hours  and  27  min¬ 
utes  or  47  per  cent ;  care  of  the  house, 
9  hours  and  9  minutes  or  18  per  cent ; 
clothing  and  textiles,  11  hours  and  21 
minutes  or  22  per  cent ;  care  of  chil¬ 
dren  and  other  members  of  the  house¬ 
hold,  3  hours  and  49  minutes  or  7  per 
cent :  household  management,  1  hour 
and  39  minutes  or  3  per  cent  of  the 
home-making  time. 

From  similar  records  obtained  from 
137  farm  home  makers  in  the  State  of 
Washington,  the  average  number  of 
work  hours  per  week  was  calculated 
as  62.9,  of  which  53  or  84  per  cent  were 
devoted  to  home  making,  distributed 
as  follows :  Food  activities,  50  per 
cent;  care  of  the  house,  16;  clothing 
and  textiles,  23;  care  of  family,  5.5; 
household  management,  3.7 ;  and  mis¬ 
cellaneous  activities,  1.8  per  cent. 

In  Rhode  Island  102  records  were  ob¬ 
tained  from  farm  and  rural  home  mak¬ 
ers.  These  showed  an  average  ex¬ 
penditure  by  the  farm  home  maker  of 
58  hours  and  35  minutes  a  week  for 
all  household  activities,  distributed  as 
follows :  Foods,  24  hours  and  20  min¬ 
utes  ;  house,  9  hours  and  40  minutes ; 
clothing  and  textiles,  12  hours  and  30' 
minutes ;  care  of  the  family,  4  hours 
and  15  minutes ;  and  household  man¬ 
agement,  3  hours  and  20  minutes ;  not 
accounted  for,  4  hours  and  30  minutes. 

A  comparison  of  the  different  items 
in  these  three  records  shows  a  strik¬ 
ing  similarity  in  the  distribution  of 
the  farm  home  maker’s  time.  The 
largest  item  in  all  cases  is  that  of  food 
activities,  including  the  preparation  of” 
food,  setting  the  table,  clearing  away 
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and  washing  the  dishes.  Next  in  or¬ 
der  comes  what  is  classified  as  cloth¬ 
ing  and  textiles,  which  includes  laun¬ 
dry  and  sewing.  The  care  of  the 
house  and  sometimes  of  the  grounds 
.about  the  house  occupies  nearly  as 
much  time,  while  the  time  devoted  to 
care  of  the  family  members,  chiefly  the 
children,  and  the  management  of  the 
house  seems  surprisingly  low. 

That  the  distribution  of  the  farm 
home  maker’s  time  among  variou.^! 
home-making  activities,  as  shown  by 
these  figures,  is  fairly  representative 
>of  conditions  throughout  the  country 
is  also  evidenced  by  the  similarity  in 
the  figures  obtained  by  the  Bureau  of 
Home  Economics  from  various  sections 
of  the  country.  A  total  of  700  records 
showed  the  average  working  time  of 
the  farm  home  maker  to  be  63  hours 
and  30  minutes  a  week,  of  which  52 
hours  and  17  mhiutes  were  devoted  to 
home-making  activities.  Itemized  fig¬ 
ures  for  139  of  these  records  obtained 
from  Ne\v  York  State,  with  an  aver¬ 
age  of  52  hours  and  59  minutes  spent 
on  all  home-making  activities,  gave  a 
total  of  47  hom-s  and  53  minutes  de¬ 
voted  to  preparing  food,  caring  for  the 
house,  and  matters  pertaining  to  cloth¬ 
ing,  while  only  2  hours  and  26  min¬ 
utes  a  week  were  given  to  care  of  chil¬ 
dren  and  other  members  of  the  family, 
1  hour  and  47  minutes  to  purchasing, 
planning,  and  other  management  tasks, 
and  53  minutes  to  miscellaneous  items. 
Both  the  Oregon  and  Washington  sta¬ 
tions  observed  that  improved  house¬ 
hold  equipment  did  not  materially 
lower  the  amount  of  time  spent  on 
household  tasks,  but  tended  to  raise 
the  standard  of  living. 

The  difference  between  total  work 
hours  and  those  devoted  to  home-mak¬ 
ing  activities  represents  for  the  most 
part  time  spent  in  farm  activities  such 
as  poultry,  garden  and  fruit,  and  dairy 
work.  The  average  time  spent  by  the 
Oregon  farm  home  makers  in  these 
outside  activities  was  11.3  hours,  and 
by  the  Washington  farm  home  makers 
9.9  hours  per  week.  Only  63  of  the 
102  women  keeping  time  records  in 
Bhode  Island  reported  any  time  given 
to  farm  work,  the  average  being  5 
hours  and  20  minutes  a  week.  Twenty- 
two  women,  however,  reported  other 
work  done  for  pay.  In  the  Bureau  of 
Home  Economics  survey  an  average 
time  of  11  hours  and  13  minutes  a 
week  was  spent  on  farm  activities. 

A  comparison  of  the  work  time  of 
farm  home  makers  with  village  and 
urban  home  makers  indicated  that  the 


time  spent  in  purely  home-making 
activities  is  not  appreciably  different 
for  the  two  groups,  but  that  farm 
activities  tend  to  increase  the  total 
time  spent  at  work.  The  Oregon  sta¬ 
tion  observed  that  time  released  from 
home-making  activities  by  various 
means  is  likely  to  be  used  for  in¬ 
creased  farm  activities  rather  than 
leisure,  since  most  farm  women  find 
outdoor  work  interesting. 

Efficiency  studies  of  the  household  plant. — 
Investigations  in  this  subject  range 
from  a  study  at  the  Rhode  Island  sta¬ 
tion  of  the  form  and  proportions  giv¬ 
ing  satisfactory  results  in  household 
utensils  used  for  pouring  and  at  the 
North  Dakota  station  of  the  relative 
efficiencies  of  various  types  of  dustless 
mops  to  elaborate  investigations  of  the 
application  of  electricity  in  the  farm 
home  to  cooking,  dishwashing,  refrig¬ 
eration,  and  laundry  work.  In  the 
development  of  most  of  these  investi¬ 
gations  there  has  been  active  coopera¬ 
tion  within  the  stations,  chiefiy  with 
departments  of  agricultural  engi¬ 
neering. 

A  survey  of  types  of  fuels  used  for 
cooking  purposes  in  1,400  rural  homes 
in  Indiana  indicated  that  during  the 
winter  months  two-thirds  of  the  homes 
used  coal,  although  only  one-third  used 
it  as  the  sole  fuel.  Wood  was  used 
during  the  winter  in  half  of  the 
homes,  one-fifth  using  it  alone  and  the 
rest  supplementing  it  with  coal  or 
other  fuels.  Kerosene  stoves  were 
used  to  some  extent  in  one-sixth  of 
these  homes  during  the  winter  months, 
and  in  a  larger  proportion  of  the 
homes  during  the  summer.  Gasoline 
was  used  as  the  principal  or  supple¬ 
menting  fuel  during  the  summer  in 
one-tenth  of  the  homes  and  gas  and 
electricity  in  a  very  few  homes.  The 
fuel  costs  for  cooking  in  50  rural 
homes  averaged  per  week  42  cents  each 
for  kerosene  and  gasoline,  92  cents  for 
coal,  and  $1.10  for  electricity.  The 
time  spent  in  caring  for  coal  stoves 
was,  however,  3  hours  and  5  minutes 
per  week  as  compared  with  27  min¬ 
utes  per  week  for  the  electric  stoves — 
an  illustration  of  the  time-saving 
value  of  modern  equipment. 

Other  illustrations  of  the  expendi¬ 
ture  of  time  of  farm  women  in  homes 
without  modern  equipment  are  afford¬ 
ed  by  two  studies  at  the  Nebraska  sta¬ 
tion.  A  survey  of  184  homes  in  east¬ 
ern  Nebraska  showed  that  50  minutes 
a  week  were  spent  in  the  care  of  or¬ 
dinary  kerosene  lamps  in  the  house¬ 
holds  using  this  type  only.  It  was 
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found  also  that  the  intensity  of  illumi¬ 
nation  in  homes  lighted  by  kerosene 
and  gasoline  lamps  was  far  below  the 
standards  set  by  illuminating  en¬ 
gineers. 

In  the  other  study  it  was  found  that 
water  used  for  general  purposes  on 
Nebraska  farms  was  carried  an  aver¬ 
age  distance  of  75.7  feet  and  that  used 
in  the  laundry  a  distance  of  62.6  feet. 
The  average  distance  traveled  each 
week  in  carrying  water  for  household 
purposes  was  4,311.5  feet  per  home, 
with  an  average  expenditure  of  time 
of  2  hours  and  20‘  minutes  a  week  for 
general  household  purposes  and  46 
minutes  for  laundry  purposes. 

A  study  of  electrification  in  a  rural 
community  of  11  homes  by  the  Iowa 
station  revealed  the  fact  that  the  only 
use  made  of  electricity  in  these  homes 
outside  of  lighting  was  for  electric 
irons  and  washing  machines.  Other 
appliances  were  installed  in  the  vari¬ 
ous  homes,  and  their  usefulness,  time 
in  operation,  and  energy  consumption 
were  studied.  When  money  was  lim¬ 
ited  the  choice  of  equipment  was  nec¬ 
essarily  the  smaller  appliances,  but 
when  larger  sums  were  available  the 
usual  order  of  choice  was  lights, 
washers,  water  pumping,  hand  iron, 
range  or  range  attachment,  vacuum 
cleaner,  ironing  machine,  and  small 
'equipment.  Dishwashers  were  thought 
to  be  less  useful,  cost  consid¬ 
ered,  than  other  equipment  because  of 
the  care  required  and  the  fact  that 
they  could  not  be  used  for  washing 
cooking  utensils  or  to  remove  stains 
made  by  hard  water.  Laboratory 
studies  are  being  conducted  at  the  sta¬ 
tion  to  devise  a  practical  electric  dish¬ 
washer  for  kitchen  utensils.  Records 
obtained  in  the  use  of  eight  electric 
refrigerators  in  operation  in  the  rural 
homes  showed  an  average  investment 
for  each  of  $345.64  and  an  average 
yearly  current  consumption  of  546 
kilowatt-hours.  A  storage  space  of  1 
to  1.5  cubic  feet  per  person  was  found 
desirable.  Considerable  progress  has 
been  made  at  the  Iowa  station  in  cook¬ 
ing  meat  and  other  materials  by  means 
of  the  heat  furnished  by  the  resist¬ 
ance  offered  by  the  material  to  the 
passage  of  a  current  of  electricity  di¬ 
rectly  through  it. 

Other  electric  equipment  studies  in 
progress  include  a  comparison  at  the 
Kansas  station  of  the  cost  of  opera¬ 
tion,  energy  consumption,  and  effi¬ 
ciency  of  disk  and  open-coil  electric 
stoves  with  various  types  of  nonelec¬ 
tric  stoves  commonly  used  for  cooking 


purposes  in  the  farm  home ;  a  study  at 
the  Maine  station  of  the  economic 
utilization  of  electricity  in  food  prepa¬ 
ration,  with  particular  attention  to  the 
changes  in  cooking  processes  typical  of 
that  section  of  the  country  necessary 
to  adapt  them  to  electric  cookery,  and 
to  the  selection  of  electrical  equip¬ 
ment  and  utensils  which  will  best  meet 
the  cooking  needs  of  Maine  rural 
families ;  and  determinations  at  the 
Washington  station  of  standards  of 
cooking  vegetables  in  an  electric  oven. 

In  connection  with  the  Washington 
station  investigation  a  mechanical 
method  of  determining  doneness  in 
cooked  vegetables  has  been  devised,  in¬ 
volving  the  use  of  a  penetrating-needle 
device  modified  from  the  Vicet  appara¬ 
tus  designed  for  testing  cement  pastes. 
A  study  by  the  Washington  station  of 
the  thermal  efficiency  of  aluminum 
saucepans  of  different  vmights  showed 
that  the  thermal  efficiencies  of  well- 
constructed  light  and  heavy  cooking 
utensils  are  approximately  the  same 
and  that  the  extent  of  evaporation  of 
water  from  a  kettle  depends  on  a  well¬ 
fitting  lid  rather  than  on  the  weight 
of  the  kettle.  This  suggests  that  the 
so-called  “  waterless  cooking  ”  may  be 
accomplished  in  a  light  kettle  as  well 
as  in  the  much  more  expensive  heavy 
kettle  provided  the  lid  fits  well  and 
only  sufficient  heat  is  supplied  from  the 
heating  unit  to  maintain  the  desired 
temperature. 

Investigations  concerned  with  the 
use  of  electricity  in  the  home  laundry 
plant  are  in  progress  at  the  Washing¬ 
ton  and  Nebraska  stations. 

Rural  family  living. — At  the  close  of  the 
fiscal  year  1928-29  there  were  17  sta¬ 
tion  home  economics  projects  dealing 
with  one  or  another  phase  of  the  ques¬ 
tion  of  standards  of  living.  The  grow¬ 
ing  realization  that  the  farm  home  is 
an  integral  part  of  the  farm  and  that 
home  management  and  farm  manage¬ 
ment  can  not  well  be  separated  has 
made  it  essential  to  conduct  such  proj¬ 
ects  in  direct  cooperation  with  farm 
management  projects  or  in  localities 
where  recently  collected  data  on  farm 
management  are  available. 

At  the  Kentucky,  North  Carolina, 
Ohio,  and  Wisconsin  stations  stand¬ 
ards  of  living  studies  are  conducted  in 
direct  cooperation  with  the  depart¬ 
ments  of  agricultural  economics  or 
rural  sociology  or  both.  At  the  Con¬ 
necticut  Storrs  station  an  investiga¬ 
tion  of  the  factors  affecting  the 
amount  and  use  of  family  income  and 
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expenditures  among  a  selected  group 
of  families  in  the  Eastern  Highland  is 
being  conducted  on  the  farms  included 
in  an  investigation  of  the  economic  sig¬ 
nificance  of  soil  types. 

At  the  New  York  Cornell  station  an 
extensive  investigation  of  the  cost  of 
living  of  farm  families  has  been  under¬ 
taken  in  accordance  with  the  recom¬ 
mendations  of  the  governor’s  commis¬ 
sion  for  farm  relief  and  is  being  sup¬ 
ported  liberally  by  State  as  well  as 
Purnell  appropriations.  The  territory 
selected  for  the  field  survey  of  about 
800  homes  is  one  which  is  also  being 
surveyed  by  the  department  of  agri¬ 
cultural  economics  and  farm  manage¬ 
ment  and  which  was  surveyed  several 
years  ago  by  the  department  of  rural 
social  organization.  It  should  thus  be 
possible  to  picture  the  financial  situ¬ 
ation  of  the  families  studied  from  all 
angles. 

The  technic  of  conducting  cost  of 
living  studies  has  received  attention  at 
the  Vermont  station  in  a  comparison 
of  data  on  farm-household  expendi¬ 
tures  obtained  by  household  accounts 
and  by  survey.  In  1,3  families  sup¬ 
posedly  complete  accounts  of  all  ex¬ 
penditures  were  kept  for  a  full  year, 
these  accounts  being  sent  in  to  the  sta¬ 
tion  weekly  with  no  attempt  on  the 
part  of  the  home  makers  to  summarize 
the  expenditures.  At  the  end  of  the 
year  the  survey  method  was  used  with 
these  same  women  to  estimate  their 
expenditures  for  the  year.  From  a 
comparison  of  the  data  obtained  by 
the  two  methods  and  data  obtained  in 
another  group  of  the  same  number  of 
families  by  the  survey  method  alone 
the  conclusion  was  drawn  that  the 
data  secured  by  the  accounting  method 
seemed  less  accurate  as  a  whole  than 
those  secured  by  careful  and  detailed 
Questioning.  In  order  to  secure  accu¬ 
rate  account  data  the  necessity  was 
emphasized  of  constant  personal  super¬ 
vision  of  the  accounts,  of  the  use  of 
simple  itemized  account  sheets,  and  of 
cooperation  on  the  part  of  the  entire 
farm  family  in  keeping  the  accounts. 

Two  specific  studies  on  cash  contri¬ 
butions  of  farm  home  makers  to  the 
family  income  are  under  way — one  at 
Nebraska  station  and  one  at  Rhode 
Island  station.  The  Rhode  Island 
study  deals  not  only  with  the  cash 
contribution  to  the  family  income,  but 
with  the  effect  of  wage  earning  on  the 
home  maker  and  on  the  home  and  the 
relation  of  paid  household  labor  to  the 
freedom  of  the  home  maker  to  do 
other  work. 


Since  the  home  maker  under  modern 
conditions  is  primarily  a  consumer 
rather  than  a  producer,  studies  of  the 
purchasing  habits  and  factors  in¬ 
fluencing  consumption  of  various  com¬ 
modities  are  particularly  timely.  One 
of  the  few  completed  and  published 
studies  in  this  field  of  home  manage¬ 
ment  is  from  the  New  York  Cornell 
station  on  sizes  of  purchasing  centers 
of  New  York  farm  families.  Practi¬ 
cally  all  of  the  325  families  included  in 
this  study  lived  on  farms  in  the  open 
country  more  remote  from  large  than 
from  small  centers.  These  families 
tended  to  buy  groceries  and  supplies 
and  the  more  ordinary  articles  of 
clothing  in  the  small  centers  near 
home,  but  to  go  to  large  centers  at  a 
greater  distance  for  their  furniture 
and  furnishings  and  still  farther  for 
the  items  of  clothing  about  which  they 
are  likely  to  be  most  particular.  Sev¬ 
enty  per  cent  of  the  entire  number  of 
families  used  mail-order  houses  to 
some  extent,  particularly  for  clothing, 
textile  fabrics,  and  sewing  machines. 

While  by  no  means  complete,  this 
report  of  work  in  progress  in  the  field 
of  rural  home  management  indicates 
that  a  substantial  beginning  has  been 
made  in  research  along  these  lines  at 
the  State  experiment  stations. 

Sybil  L.  Smith. 

AGRICULTURAL  ENGINEERING 

Continued  systematic  reorganization 
of  the  investigations  in  agricultural  en¬ 
gineering  at  the  experiment  stations 
has  gradually  led  to  the  formulation 
of  a  sound,  fundamental  program  of 
inquiry. 

The  facilities  provided  at  the  experi¬ 
ment  stations  for  research  in  agricul¬ 
tural  engineering  have  slowly  but 
steadily  expanded  during  recent  years. 
Nine  land-grant  institutions  have  new, 
modern,  well-equipped  buildings  de¬ 
signed  for  the  exclusive  use  of  the 
agricultural  engineering  departments. 
At  several  other  institutions  the  agri¬ 
cultural  engineering  departments  have 
one  or  more  older  but  substantial 
buildings  for  teaching  and  experi¬ 
mental  work,  and  at  least  one  institu¬ 
tion  has  obtained  an  appropriation  for 
a  new  agricultural  engineering  build¬ 
ing,  In  all  these  places,  however,  defi¬ 
nite  provision  is  being  made  for  re¬ 
search  under  the  supervision  of  the 
experiment  station. 

Advance  in  the  research  in  agricul¬ 
tural  engineering  at  the  stations  is 
indicated  by  the  numerous  reports  of 
results  presented  in  the  bulletins  and 


RESULTS  OF  STATION  WORK 


61 


j  ;iinmls  of  this  department  and  the 
.stations,  and  in  the  publications  of  the 
American  Society  of  Agricultural  En- 
gineers,  the  committee  on  the  relation 
of  electricity  to  agriculture,  and  the 
like.  While  some  rather  superficial 
work  in  agricultural  engineering  of 
.more  or  less  limited  utility  is  still  go¬ 
ing  on  at  the  stations,  much  of  that 
now  actively  carried  on  is  aimed  ac 
the  development  of  permanent  cost¬ 
saving  methods  and  corresponding 
practical  equipment. 

MECHANICAL  EQUIPMENT 

Examination  of  active  projects  in 
.agricultural  engineering  research  at 
the  experiment  stations  indicates  that 
primary  emphasis  is  being  given  to  me¬ 
chanical  farm  equipment.  Effective 
investigation  in  farm  machinery,  farm 
power,  and  related  subjects  has  been 
urged  and  materially  aided  by  the  ad¬ 
visory  council  on  research  in  mechan¬ 
ical  farm  equipment,  and  the  growth 
of  well-directed  and  effective  inquiry 
into  these  subjects  at  the  stations  is 
reflected  especially  in  the  number  of 
projects  operating  on  the  Federal 
funds  and  the  reports  of  progress 
published. 

Harvesting  machinery. — The  experiment 
stations  have  recognized  the  import¬ 
ance  of  developing  more  satisfactory 
and  economical  methods  and  equip¬ 
ment  for  the  harvesting  of  crops.  The 
procedure  now  most  frequently  fol¬ 
lowed  calls  for  the  coordination  of  the 
forces  of  agronomy  and  agricultural 
engineering  in  studies  of  the  conditions 
and  requirements  for  harvesting  to 
provide  a  sound  basis  for  the  proper 
adaptation  of  available  machines  or 
the  development  of  the  principles  of 
new  ones  to  perform  this  operation 
satisfactorily. 

Considerable  investigational  work  of 
this  character  has  been  in  progress  at 
the  stations  with  the  combining  pro¬ 
cedure  for  the  harvesting  and  thresh¬ 
ing  of  grains  and  large-seeded  legumes, 
largely  in  cooperation  with  the  bu¬ 
reaus  of  this  department,  for  the  pur¬ 
pose  of  exposing  the  defects  in  avail¬ 
able  combine  machinery  as  well  as  eco¬ 
nomically  performing  the  necessary 
operations  involved,  and  of  correcting 
these  deficiencies. 

The  Virginia,  Idaho,  Pennsylvania, 
North  Dakota,  Illinois,  California,  and 
Iowa  stations  have  made  contributions 
in  this  field.  The  Virginia  station  has 
demonstrated  the  value  of  shorter  cut¬ 
ter  bars,  stronger  reels,  and  greater 


separator  capacities  to  secure  all  the 
lodged  grain  and  to  cut  the  full  length 
of  straw.  The  average  loss  of  soybeans 
has  been  cut  to  one-third  the  original 
loss,  and  lower  cylinder  speeds,  with 
higher  separator  speeds  have  been 
found  advisable.  The  North  Dakota 
station  demonstrated  that  wheat  prop¬ 
erly  combined  and  stored  is  equal  in 
quality  to  wheat  harvested  with  a 
binder  and  threshed  from  the  shock, 
and  that  the  labor  involved  in  combin¬ 
ing  is  only  one-fourth  that  required  by 
the  binder-thresher  method.  Loss  of 
wheat  grain  in  the  head  was  reduced 
by  proper  adjustment  of  cylinders  and 
concaves,  and  excessive  grain  cracking 
was  minimized  by  correcting  the 
clearance  between  teeth  and  by  reduc¬ 
ing  cylinder  speeds.  The  California 
and  Idaho  stations  have  both  demon¬ 
strated  the  economy  and  utility  of  the 
bulk  handling  of  combined  grain  and 
have  begun  the  development  of  the 
necessary  equipment. 

The  California  station  has  made  ad¬ 
vances  in  solving  the  problem  of  har¬ 
vesting  sorghum  along  cost-saving 
lines  by  means  of  root  cutting  and 
combining,  demonstrating  the  superior 
utility  of  the  general-purpose  tractor 
and  of  sloping  blade  attachments  to 
the  cutting  mechanism  for  perform¬ 
ing  the  cutting  operation  with  a  mini¬ 
mum  power  requirement. 

The  practicability  of  harvesting  corn 
with  the  combine  has  been  demon¬ 
strated  by  the  Iowa  station,  which  has 
made  considerable  progress  in  develop¬ 
ing  the  essential  mechanical  details. 
The  Ohio  station  has  improved  the 
field  silage  cutter  for  harvesting  com 
so  that  a  much  more  uniform  mixture 
ot  silage  is  provided,  and  when  sup¬ 
plemented  by  the  wagoii  hoist,  a  con¬ 
siderable  saving  of  time  and  labor 
results. 

The  Pennsylvania  station  has  re¬ 
ported  progress  in  the  development  of 
improved  methods  and  equipment  for 
tl.ie  harvesting  of  potatoes,  which  has 
already  resulted  in  marked  reductions 
in  the  labor  required  in  this  operation. 
Harvesting  requires  more  than  half 
the  total  labor  involved  in  producing 
the  potato  crop,  and  picking  up  the 
potatoes  by  hand  requires  a  third  of 
this  labor  so  that  successful  efforts 
to  reduce  this  requirement  are  of  con¬ 
siderable  economic  significance  in  po¬ 
tato  production. 

Unloading  hay  by  the  use  of  slings 
required  only  one-half  the  time  taken 
by  the  commonly  used  fork,  according 
to  studies  of  hay-harvesting  methods 
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bj  the  Idaho  station.  The  use  of  one 
sling  per  load  for  short  hauls  mate¬ 
rially  improved  the  distribution  and 
economy  of  labor  for  field  and  stack¬ 
ing  crews,  and  the  utility  of  the  motor- 
driven  mechanical  hoist  was  demon¬ 
strated  in  saving  time  and  improving 
control. 

Crop-drying  equipment. — The  importance 
of  maintaining  superior  quality  in 
crops  regardless  of  the  harvest  condi¬ 
tions  has  been  recognized  in  studies 
at  the  New  York  Cornell,  Wisconsin, 
Indiana,  Nebraska,  Louisiana,  Califor¬ 
nia,  North  Dakota,  and  Pennsylvania 
experiment  stations. 

The  future  of  the  combine  in  Penn¬ 
sylvania,  according  to  the  Pennsyl¬ 
vania  station,  depends  largely  on  the 
development  of  suitable  equipment  for 
drying  the  grain  before  storage,  and 
this  view  is  supported  also  for  other 
localities  by  the  Kansas,  North  Da¬ 
kota,  and  other  stations.  The  require¬ 
ments  of  grain  drying  for  satisfactory 
storage  and  of  the  mechanism  of  the 
process  for  the  development  of  efiicient 
equipment  also  have  been  investigated. 
The  Pennsylvania  station,  in  particu¬ 
lar,  is  attempting  to  develop  portable 
drying  equipment  to  accompany  the 
combine  in  the  field  with  the  purpose 
of  saving  time  and  labor,  and  the  Kan¬ 
sas  station  has  set  up  extensive  equip¬ 
ment  for  the  study  of  the  principles  of 
drying  large  amounts  of  grain  in  stor¬ 
age  by  natural  means  at  a  minimum 
expense. 

The  cooperative  efforts  of  the  North 
Dakota  station  and  this  department 
already  have  resulted  in  the  develop¬ 
ment  of  an  artificial  drying  process, 
using  air  heated  at  temperatures  as 
high  as  160°  F.  without  injury  to  the 
germination,  milling,  and  baking  prop¬ 
erties  of  v/heat.  The  cost  of  the  proc¬ 
ess  is  small  in  comparison  with  the 
net  increase  in  the  market  value  of  the 
dried  grain. 

The  development  of  profitable  meth¬ 
ods  and  equipment  for  curing  hay 
artificially  has  received  attention, 
notably  at  the  Louisiana,  Nebraska, 
Indiana,  and  Kansas  stations,  and  the 
Pennsylvania  station  has  recently 
undertaken  a  fundamental  study  of 
this  subject.  Artificial  drying  usually 
has  produced  cured  hay  of  rather  su¬ 
perior  quality  quickly  and  economi¬ 
cally,  and  the  efforts  to  develop  effi¬ 
cient  drying  equipment  of  high  capac¬ 
ity  and  average  cost  have  been  quite 
successful,  especially  at  the  Louisiana 
station.  These  investigations  have 
been  made  more  thorough  by  the  coor¬ 


dination  of  the  efforts  of  agricultural 
engineers,  agronomists,  and  chemists, 
and  cooperation  with  bureaus  of  this 
department  has  contributed  in  no 
small  measure  to  the  progress  of  these 
inquiries. 

Traction  machinery. — The  peculiar  and 
often  severe  conditions  imposed  upon 
traction  machinery  by  agricultural 
di-aft  operations  has  prompted  a  num¬ 
ber  of  the  experiment  stations,  espe¬ 
cially  those  in  Alabama,  Nebraska, 
Pennsylvania,  California,  Iowa,  Vir¬ 
ginia,  and  Louisiana,  to  undertake  the 
improvement  of  traction  machinery 
along  specific  lines  for  their  better 
adaptation  to  agricultural  practices. 

Special  laboratory  and  field  research 
equipment  for  studying  the  principles 
of  traction  in  difficult  soils  has  been 
provided  by  the  Alabama  station,  and 
laws  fundamentally  governing  the  de¬ 
sign  of  tractor  wheels  and  lug  equip¬ 
ment  w^hich  will  give  maximum  trac¬ 
tive  efficiency  under  certain  soil  condi¬ 
tions  already  have  been  developed. 
The  California  and  Pennsylvania  sta¬ 
tions  have  made  considerable  progress 
in  meeting  the  emergency  conditions 
imposed  upon  tractors  by  the  sudden 
frequent  overloads  encountered,  espe¬ 
cially  in  tillage  operations,  by  modify¬ 
ing  and  developing  such  features  as 
hitches,  weight  distribution,  and  the 
like,  and  by  properly  balancing  the 
tractor  weight  and  engine  power  with 
the  resistance  of  the  drawn  imple¬ 
ments  under  different  soil  conditions. 

The  development  of  the  so-called 
general-purpose  tractor  has  caused  ex¬ 
tended  inquiry  at  the  Pennsylvania, 
Louisiana,  Ohio,  Kansas,  Iowa,  and 
Texas  stations,  with  particular  refer¬ 
ence  to  its  adaptation  to  the  produc¬ 
tion  of  row  crops.  The  Pennsylvania 
station  has  reduced  successfully  the 
expenditure  of  time  and  labor  required 
for  plowing  and  seed-bed  preparation 
and  also  obtained  a  decided  reduction 
in  the  labor  needed  for  such  operations 
as  drilling  grain,  cultivating  corn  and 
potatoes,  mowing  hay,  and  cutting 
grain.  The  Texas  station  found  that 
the  cost  of  producing  cotton  could  be 
reduced  by  adapting  the  general-pur¬ 
pose  tractor  to  bedding  and  cultiva¬ 
tion,  and  the  Louisiana  station  real¬ 
ized  a  saving  of  from  50  to  75  per  cent 
in  the  labor  required  in  growing  corn 
and  soybeans  on  alluvial  soils.  Prog¬ 
ress  also  has  been  recorded  in  economi¬ 
cally  adapting  the  general-purpose 
tractor  to  the  cultivation  of  grain  sor¬ 
ghums  by  the  Kansas  station,  the 
large-scale  cultivation  of  corn  by  the 
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Iowa  and  Ohio  stations,  and  the  pro¬ 
duction  of  peanuts  by  the  Georgia  sta¬ 
tion.  All  of  these  investigations  have 
involved  studies  of  row  spacing,  clear¬ 
ance,  draft,  capacities,  and  the  like, 
and  have  of  necessity  coordinated 
agronomic  and  agricultural  engineer¬ 
ing  efforts  to  produce  a  maximum  crop 
tilled  and  cultivated  at  a  maximum 
rate  at  a  minimum  expense  for  labor 
and  power. 

Tillage  machinery. — Several  of  the  Sta¬ 
tions  have  reported  progress  in  reduc¬ 
ing  the  excessive  consumption  of  labor 
and  power  in  plowing  and  seed-bed 
preparation  for  the  production  of  ma¬ 
jor  crops.  IMuch  of  the  investigation 
in  tillage  in  the  past  has  been  local¬ 
ized,  specialized,  and  superlicial,  and 
the  necessity  for  a  more  complete 
knowledge  of  the  principles  of  soil 
dynamics  in  relation  to  the  design  and 
operation  of  tillage  implements  has  led 
the  Alabama  station,  for  example,  to 
establish  a  research  laboratory  devoted 
almost  exclusively  to  the  study  of  soil 
dynamics  as  applied  to  implement  de¬ 
sign.  Provisions  for  similar  vrork  are 
being  made  at  the  Nebraska,  Iowa,  and 
California  stations,  and  already  much 
information  of  practical  value  relating 
to  the  laws  of  friction  between  metal 
surfaces  and  the  soil,  to  the  reactions 
within  the  soil  to  the  passage  of  tillage 
tc  ols,  and  to  the  interrelationships  be¬ 
tween  the  factors  and  variables  en¬ 
tering  into  these  reactions  has  been 
evolved.  These  principles  can  be 
utilized  in  improving  tillage  imple¬ 
ments.  Efforts  to  reduce  draft  by 
modifying  the  composition  of  the  metal 
surfaces  of  tillage  tools  to  meet  the 
conditions  imposed  by  the  physical 
properties  of  different  soils,  for  ex¬ 
ample,  were  rather  successful  at  the 
Alabama  and  California  stations,  and 
Ihe  Nebraska  and  New  Jersey  stations 
have  pointed  to  the  practicability  of 
reducing  tillage  draft  by  liming  and 
ether  soil  treatments,  and  by  proper 
cropping. 

The  progress  made  in  the  develop¬ 
ment  of  rotary  tillage  devices  at  the 
Iowa  and  Indiana  stations  is  also  sig¬ 
nificant  with  reference  to  draft  power 
reduction.  At  the  Iowa  station  espe¬ 
cially,  a  device  replacing  the  mold- 
board  of  a  standard  plow  with  a  re¬ 
volving  pulverizer  head  has  made  it 
possible  to  plow,  beat,  and  mix  the  soil 
into  a  satisfactory  seed  bed  in  one 
operation,  and  at  the  same  time  to 
reduce  the  draft  enough  to  furnish 
much  of  the  power  needed  to  drive  the 
pulverizer. 


The  organization  of  the  above  in¬ 
vestigations  without  exception  is  based 
upon  a  coordination  of  the  forces  of 
agricultural  engineering,  agronomy, 
and  soil  technology  and  is  aimed  at  the 
improvement  of  tillage  methods  and 
equipment  along  definite  cost-saving 
lines. 

Miscellaneous  meclianical  equipment. — Con¬ 
siderable  is  being  accomplished  by  the 
experiment  stations  in  the  improve¬ 
ment  of  such  other  mechanical  equip¬ 
ment  as  machinery  for  distribution  of 
fertilizer,  feed  grinding,  orchard 
spraying,  apple  washing,  corn-borer 
control,  and  the  like.  The  bureaus  of 
this  department  are  cooperating  effec¬ 
tively  in  much  of  this  work,  particu¬ 
larly  in  fertilizer  distribution  and 
corn-borer  control,  and  the  National 
Association  of  Farm  Equipment  Man¬ 
ufacturers,  the  American  Society  of 
Agricultural  Engineers,  the  American 
Society  of  Agronomy,  and  the  National 
Fertilizer  Association  have  actively 
promoted  sound  and  productive  re¬ 
search  in  these  lines  at  the  stations. 

RUEAL  EnECTRIFICATION 

The  application  of  electricity  to  ag¬ 
ricultural  practices  has  received  con¬ 
siderable  impetus  at  the  experiment 
stations  during  recent  years,  largely 
through  the  activities  of  the  national 
committee  on  the  relation  of  electricity 
to  agriculture,  of  which  this  depart¬ 
ment  is  a  member. 

The  relatively  small  number  of  Pur¬ 
nell  projects  in  rural  electrification 
does  not  indicate  the  scope  and  extent 
of  the  work  at  the  stations  as  a  whole. 
Most  of  the  work  has  been  organized 
under  State  committees  on  the  relation 
of  electricity  to  agriculture,  operating 
under  the  general  direction  of  the  na¬ 
tional  committee,  and  the  stations 
concerned  usually  have  found  it  con¬ 
venient  to  cooperate  directly  with 
these  State  committees. 

According  to  the  last  annual  report 
of  the  director  of  the  national  com¬ 
mittee,  24  of  the  experim.ent  stations 
are  now  investigating  some  55  prob¬ 
lems  in  rural  electrification,  those  re¬ 
ceiving  the  most  attention  having  to 
do  with  poultry  brooding,  cooking,  feed 
grinding,  use  of  the  portable  motor, 
and  refrigeration. 

While  much  of  this  work  in  the 
past  has  been  largely  of  a  testing  and 
demonstrational  character,  the  investi¬ 
gations  have  tended  recently  to  be¬ 
come  more  specific  and  technical  in  or¬ 
der  to  make  possible  the  more  com- 
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plete  and  permanent  solution  of  the 
problems  involved.  Nineteen  stations 
in  the  past  three  or  four  years  have 
issued  some  63  publications  containing 
information  of  practical  utility  relat¬ 
ing  to  the  u^e  of  electricity  in  dairy¬ 
ing,  greenhouse  crop  production,  hay 
handling,  household  operations,  irri¬ 
gation,  poultry  production,  crop  spray¬ 
ing,  and  water  supply. 

Poultry  production. — The  practical  util¬ 
ity  and  economy  of  electric  brooding  of 
young  chicks  has  been  demonstrated 
by  the  California,  Oregon,  and  Wash¬ 
ington  stations,  and  progress  has  been 
made  in  the  development  of  efhcient 
electrical  brooding  equipment.  Elec¬ 
trical  incubation  also  has  been  placed 
on  a  practical  and  cost-saving  basis  by 
the  California  station,  and  several  sta¬ 
tions  have  demonstrated  the  profit  in 
increased  egg  production  during  the 
winter  months  accruing  from  the  arti¬ 
ficial  lighting  of  laying  houses. 

Dairying, — Among  others  the  Califor¬ 
nia,  Missouri,  and  New  Hampshire 
stations  have  developed  successfully 
the  profitable  use  of  electricity  in 
dairy  refrigeration.  The  California 
station  also  demonstrated  that  a  large 
electrically  heated  steam  cabinet  pro¬ 
duces  good  bacterial  reduction  in  dairy 
utensils  and  that  the  heating  is  rapid 
enough  for  practical  purposes.  Simi¬ 
lar  results  were  obtained  by  the  Ore¬ 
gon  station,  and  a  satisfactory  electri¬ 
cal  water  heater  for  dairy  use  was  also 
developed.  The  New  Hampshire  sta¬ 
tion  also  reported  some  success  in  the 
development  of  the  process  of  precool¬ 
ing  milk  to  produce  a  better  product, 
and  some  success  has  been  attained  in 
the  ultra-violet  ray  treatment  of  milk. 

Hay  handling. — The  Oregon  and  Wash¬ 
ington  stations  have  proved  the  prac¬ 
tical  value  and  economy  in  time  and 
labor  of  electrically  operated  hay 
hoists  and  have  established  the  speci¬ 
fications  for  satisfactory  equipment. 
Equipment  has  been  developed  which 
will  handle  hay  at  as  low  a  cost  as  1 
cent  per  ton  at  a  rate  of  3  cents  per 
kilowatt  hour. 

Home  refrigeration. — Studies  to  develop 
eflncient  home  refrigeration  practices 
and  equipment  have  been  in  progress 
at  several  stations.  The  New  Hamp¬ 
shire,  Alabama,  and  South  Dakota 
stations,  especially,  have  been  success¬ 
ful  in  securing  useful  information  as 
to  the  economical  operation  of  elec¬ 
trical  refrigeration  plants  with  special 
reference  to  various  food  products. 
Distinctly  superior  refrigeration  has 
been  obtained  by  the  electrical  method 


over  the  ice  method,  and  at  a  reduced 
cost. 

Use  of  small  electric  motors. — The  Penn¬ 
sylvania,  Michigan,  Washington,  Ne¬ 
braska,  Wisconsin,  Illinois,  Iowa,  Mis¬ 
souri,  and  Oregon  stations  have  re¬ 
ported  success  in  the  economical  and 
practical  adaptation  of  small  electric 
motors  to  different  farm  belt-power 
operations.  Silage  cutting  and  blow¬ 
ing,  feed  grinding,  threshing,  machine 
milking,  cream  separation,  pumping, 
wood  sawing,  and  the  like  have  been 
accomplished  by  electricity,  with 
greater  convenience  and  economy  of 
time  and  labor.  It  has  been  possible 
to  cut  and  elevate  silage,  for  example, 
with  a  5-horsepower  motor  when  prop¬ 
erly  adapted,  and  a  10-horsepower 
motor  has  been  found  to  furnish  suffi¬ 
cient  power  to  operate  a  small  thresh¬ 
ing  machine. 

Unit  electric  plants. — Several  of  the  ex¬ 
periment  stations,  notably  those  in  Ne¬ 
braska,  Missouri,  and  Michigan,  have 
established  the  economic  importance 
of  increasing  the  number  of  uses  of 
electricity  from  a  single  isolated  plant, 
as  this  practice  apparently  does  not 
shorten  the  life  of  the  batteries.  In 
general  the  unit  plant  has  been  found 
to  furnish  sufficient  energy  for  light¬ 
ing  and  for  operating  small  motors 
and  appliances  although  the  cost  of 
such  energy  exceeds  that  of  current 
supplied  from  central  station  plants. 

Expersmcnial  power  lines. — The  majority 
of  the  experiment  stations  engaged  in 
rural  electrification  studies  are  work¬ 
ing  in  cooperation  with  experimental 
power  lines  established  by  the  State 
committees  on  the  relation  of  electric¬ 
ity  to  agriculture,  or  by  the  national 
committee.  These  lines  constitute  a 
vast  experimental  laboratory  .on  which 
the  research  findings  at  the  stations 
can  be  subjected  to  rigid  practical  and 
economical  test.  The  Maryland  sta¬ 
tion,  for  example,  is  cooperating  with 
a  national  rural  electric  project  lo¬ 
cated  in  the  State,  the  chief  features 
of  which  are  research  and  investiga¬ 
tion.  The  importance  of  this  type  of 
research  and  investigation  at  the  sta¬ 
tions  is  reflected  in  the  recent  report 
by  the  national  committee  that  the 
farms  in  the  United  States  with  elec¬ 
tric  service  number  well  above  800,000. 

LAND  EECLAMATION 

Research  in  land  reclamation  at  the 
experiment  stations,  including  soil- 
erosion  prevention,  water  conservation, 
irrigation,  drainage,  and  land  clearing, 
has  received  considerable  impetus  re- 
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cently,  especially  in  some  of  its  more 
fundamental  aspects.  This  movement 
has  been  largely  on  account  of  the  evi¬ 
dent  necessity  for  greater  economy  and 
efficiency  in  the  methods  and  per¬ 
manency  in  the  structures  and  equip¬ 
ment  used.  The  research  program  of 
the  experiment  stations  includes  16 
Purnell  projects  and  5  Adams  projects 
on  different  phases  of  the  subject,  and 
extensive  investigation  supported  from 
other  sources  also  is  active  at  the  sta¬ 
tions.  The  fact  that  the  greater  part 
of  the  work  is  also  cooperative  with 
various  bureaus  of  this  department 
has  made  much  of  it  of  national 
importance. 

Prevention  of  soil  erosion  and  conservation 
of  moisture.— Station  research  on  soil- 
erosion  prevention  and  moisture  con¬ 
servation  in  the  past  has  consisted 
largely  of  the  testing  of  terraces  of 
various  widths,  heights,  and  grades, 
without  adequate  consideration  of  the 
characteristics  of  the  soils  involved,  or 
of  the  most  suitable  cropping  practices. 
Thus  the  work  has  been  frequently 
overspecific,  superficial,  and  of  limited 
utility. 

A  recent  movement  which  is  indica¬ 
tive  of  the  trend  toward  more  funda¬ 
mental  research  in  land  reclamation 
calls  for  the  development  by  the 
United  States  Department  of  Agricul¬ 
ture  of  a  national  program  for  the  con¬ 
trol  of  soil  erosion  and  the  setting  up 
of  erosion-prevention  and  moisture- 
conservation  stations  on  IS  erosion 
areas  throughout  the  country  under  a 
congressional  appropriation  of  $160,- 
000.  A  number  of  the  experiment  sta¬ 
tions  are  cooperating  in  the  project. 

The  Texas  and  several  other  sta¬ 
tions  have  set  up  extensive  field  and 
laboratory  equipment  to  study  the 
soil  factors  involved  in  erosion  and 
moisture  absorption.  The  apparatus 
includes  run-off  plots  with  various 
grades,  conditions  of  tilth,  and  cover¬ 
ings,  and  catch  basins  to  determine 
the  amount  and  character  of  eroded 
material  and  run-off  water.  The  pur¬ 
pose  of  these  studies  is  to  identify  the 
factors  governing  erosion  and  run-off 
in  different  soils  and  -  to  develop 
methods  and  practices  for  control 
Vt^hich  will  meet  the  characteristics 
and  requirements  of  individual  soils 
and  crops.  The  large  amount  of  in¬ 
formation  already  obtained  is  serving 
as  an  admirable  basis  for  the  more 
fundamental  studies. 

Among  examples  of  the  work  is  the 
finding  of  the  Oklahoma  station  that 


with  terraces  of  the  conventional  type 
with  variable  grade  and  open  outlets 
the  total  quantity  of  run-off  will  in¬ 
crease  as  the  vertical  interval  is  de- 
cieased  but  the  quantity  of  soil  eroded 
will  be  slightly  less.  The  Texas  sta¬ 
tion  points  to  the  physical  condition 
of  the  soil  and  the  rate  of  rainfall  as 
the  important  factors  in  run-otf,  and  it 
appears  that  the  greatest  beneficial  re¬ 
sults  from  water-conservation  meas¬ 
ures  can  be  secured  at  a  minimum  cost 
on  comparatively  level  land.  In  fact, 
the  Indiana  station  found  no  visible 
erosion  in  the  flow  lines  of  Mangum 
terraces  having  a  grade  of  0.6  per  cent 
or  less.  Since  buffalo  grass  appears  to 
be  the  most  effective  crop  in  preventing 
water  losses,  overpasturing  evidently 
is  a  bad  practice. 

The  Missouri  station  has  determined 
the  practical  value  of  plovdng  in  and 
seeding  gullies  and  has  found  that 
bluegrass  sod  placed  in  old  burlap  bags 
and  straw  are  cheap  and  effective  ma¬ 
terials  for  use  in  stopping  small 
washes  in  wheat  fields,  meadows,  and 
pastures  where  the  slopes  are 
moderate. 

Irrigation. — Realizing  that  irrigation 
is  responsible  for  a  large  part  of 
the  total  cost  of  agricultural  produc¬ 
tion,  the  experiment  stations  in  the 
arid  and  semiarid  regions  are  demon¬ 
strating  that  maximum  economy  and 
effectiveness  of  irrigation  methods  and 
equipment  are  of  great  importance. 
Superficial  tests  of  duty  of  water,  for 
example,  are  no  longer  considered  ade¬ 
quate  and  are  being  replaced  by  more 
fundamental  studies  to  develop  more 
precise  and  economical  methods  of 
using  water,  based  upon  the  require¬ 
ments  of  specific  crops  and  soils.  The 
attack  on  current  problems  calls  for 
the  coordination  of  the  efforts  of  the 
engineer  and  agronomist.  The  fact 
that  many  of  the  irrigation  investiga¬ 
tions  at  the  stations  are  in  coopera¬ 
tion  with  the  Department  of  Agricul¬ 
ture  has  aided  considerably  in  the 
organization  and  conduct  of  the  work 
and  in  the  provision  of  special  re.  earch 
equipment. 

In  the  course  of  irrigation  investi¬ 
gations,  the  Idaho  station  established 
a  mathematical  expression  for  the  flow 
of  water  in  thin  sheets  through  silt 
loam  soils,  thus  aiding  materially’  in 
the  more  economical  application  of 
irrigation  water  to  such  soil  types.  In 
reporting  further  progress  in  deter¬ 
mining  the  principles  governing  the 
loss  of  irrigation  water  from  different 
soil  types  by  evaporation,  the  Colo- 
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rado  station  pointed  out  especially 
that  light  showers  may  cause  a  more 
rapid  depletion  of  the  moisture  al¬ 
ready  in  a  soil  because  the  cooling  of 
the  soil  by  the  rain  increases  the  sur¬ 
face  tension  of  the  capillary  moisture 
drawn  up  from  the  water  table.  This 
result  is  of  significance  in  connection 
with  light  or  infrequent  irrigations. 
The  Washington  station  has  estab¬ 
lished  the  limiting  time  interval  and 
depth  of  irrigation  for  alfalfa,  and  to¬ 
gether  with  the  California  station,  has 
demonstrated  the  value  of  the  wilting 
point  in  soils  as  an  indicator  of  the 
irrigation  required  for  corn  and  cer¬ 
tain  fruits. 

Irrigation  water  supply. — The  stations 
in  the  irrigated  sections  have  made 
progress  toward  the  solution  of  the 
serious  problem  of  securing  more  ade¬ 
quate  supplies  of  water  to  meet  the 
needs  of  irrigation.  The  Utah  station 
found  that  snow  cover  outweighs  all 
other  factors  in  its  effect  on  stream 
run-off  and  that  the  soil  must  be  satu¬ 
rated  with  snow  water  before  run-off 
begins.  Since  the  water  passes  through 
the  snow  and  saturated  soil  into  the 
streams,  no  dependence  can  be  placed 
on  feeder  ditches  to  intercept  snow 
water  unless  they  actually  cut  across 
the  line  of  fiow  through  the  soil. 

In  connection  with  the  rapid  settle¬ 
ment  of  certain  localities,  the  Utah 
and  Nevada  stations  have  obtained  evi¬ 
dence  that  the  annual  pumping  must 
be  reduced  in  some  places  because  the 
surrounding  watersheds  are  unable  to 
maintain  the  underground  supply. 
The  possible  contingency  of  a  lack  of 
available  water  for  indefinite  periods 
has  thus  been  averted.  Such  findings 
are  contributing  in  no  small  measure 
to  the  development  of  rational  prac¬ 
tices  in  irrigation  in  certain  of  the 
arid  localities. 

Drainage. — The  formulation  of  more 
fundamental  conceptions  of  the  prob¬ 
lems  of  drainage  also  seems  to  have 
assumed  an  important  part  of  the 
work  by  the  stations  in  the  subject. 
The  Minnesota,  Utah,  California,  and 
Washington  stations  are  seriously  con¬ 
sidering  the  principles  of  ground- 
water  movement  under  drainage,  and 
in  some  cases  they  are  receiving  the 
cooperation  of  this  department.  The 
Utah  station  has  made  some  progress 
in  the  drainage  of  irrigated  lands  over- 
lying  artesian  basins,  and  already  has 
evolved  a  theoretical  physical  basis 
for  this  practice.  In  studies  of  ground- 
water  movement  in  alkali  soils,  the 


Washington  station  found  that  part  of 
the  drainage  and  underground  water 
from  alkali  areas  comes  from  sources 
other  than  through  the  upper  layers 
of  the  soil. 

Land  clearing. — Progress  in  land-clear¬ 
ing  investigations  at  the  stations  is 
evidenced,  for  example,  by  research  at 
the  Minnesota  and  Alabama  stations, 
which  has  evolved  mathematical  for¬ 
mulas  governing  the  procedure  used 
in  blasting  stones  from  soils  and  in 
stump  blasting.  The  Minnesota  sta¬ 
tion  also  has  demonstrated  the  superi¬ 
ority  of  the  dump  wagon  over  other 
vehicles  used  in  the  transportation  of 
stones,  and  has  obtained  data  on  the 
cost  of  clearing  land  of  stones  by  dif¬ 
ferent  methods. 

STRUCTURES 

Until  quite  recently,  the  work  in 
farm  structures  at  the  experiment  sta¬ 
tions  was  limited  largely  to  surveys 
of  existing  structures  and  the  execu¬ 
tion  of  new  plans  incorporating  the 
best  available  features,  without  ade¬ 
quate  consideration  for  the  actual  re¬ 
quirements  to  be  met.  The  stations 
and  this  department  now  recognize 
that  propel  housing  is  a  factor  of  para¬ 
mount  economic  importance  in  the 
animal,  dairy,  poultry,  fruit,  and  vege¬ 
table  industries,  and  that  investiga¬ 
tions  coordinating  engineering  technic 
with  the  different  agricultural  sciences 
are  needed  to  establish  and  fully  meet 
agricultural  housing  requirements. 
The  advisory  council  on  research  in 
farm  structures,  recently  appointed  by 
the  Secretary  of  Agriculture,  to  sur¬ 
vey,  clarify,  and  define  the  field  of 
research  in  this  field  already  has  acted 
as  a  powerful  stimulus  to  the  work 
at  the  experiment  stations. 

Poultry  structures. — The  practical  sig¬ 
nificance  of  the  investigations  of  the 
housing  requirements  of  poultry  for 
maximum  economic  production  is  ex¬ 
emplified  by  the  finding  of  the  Nebras¬ 
ka,  Iowa,  and  Indiana  stations  that 
temperature  uniformity  is  the  prime 
factor  in  the  health  and  productiveness 
of  poultry,  and  air  purity  and  humidity 
are  secondary  in  importance.  The 
Ohio,  Idaho,  Iowa,  New  Jersey,  and 
other  stations  also  have  developed 
poultry  houses  economical  in  construc¬ 
tion  and  saving  in  time  and  labor  in 
tending  the  poultry. 

Animal  and  dairy  structures. — The  neces¬ 
sity  for  economy,  as  well  as  efficiency 
in  barn  design  and  construction  has 
been  shown  in  the  investigations  of 
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masonry-arcli  barns  which  has  been 
carried  on  at  the  Iowa  station  for 
several  years.  Under  favorable  con¬ 
ditions  the  cost  of  such  a  permanent 
structure  will  be  only  25  to  50  per 
cent  more  than  that  of  wooden  con¬ 
struction  of  limited  durability.  A  unit- 
space  method  of  barn  planning  devel¬ 
oped  by  the  Arkansas  station  provides 
for  considerable  economy  in  construc¬ 
tion  and  introduces  efficiency  into  the 
performance  of  the  chores. 

Studies  on  the  planning  of  dairy 
barns  from  a  manufacturing  point  of 
view  at  the  Wisconsin  station  showed 
that  the  average  of  100  barns  provided 
50  per  cent  of  the  floor  space  for  the 
convenience  of  the  man  doing  the 
chores.  The  total  route  distance  per 
cow  required  for  chores  and  the  milk¬ 
ing  operations  favored  the  face-in  ar¬ 
rangement  of  stalls,  and  the  route  dis¬ 
tance  per  cow  was  found  to  be  nearly 
19  per  cent  greater  for  the  crosswise 
than  for  the  lengthwise  arrangement. 

That  sanitation  and  cow  comfort 
also  are  important  factors  has  been 
brought  out  in  studies  of  dairy-barn 
floors  at  the  Iowa  and  Kansas  sta¬ 
tions.  The  Iowa  station  has  demon¬ 
strated  the  superior  v\^earing  qualities 
of  concrete  and  rubber-block  floors 
and  the  insanitary  quality  of  wood¬ 
block  floors.  At  the  Kansas  station 
solid-concrete  floors  compared  favor¬ 
ably  in  regard  to  temperature  during 
the  winter  with  floors  constructed  of 
building  tile  between  two  layers  of 
concrete.  Two-inch  plank  floors,  cork 
brick,  creosoted  pine,  and  creosoted 
block  warmed  up  much  more  rapidly 
than  concrete,  indicating  the  superior 
heat-retaining  properties  of  the  wood 
and  cork. 

Crop  storage. — In  the  past  the  practice 
in  the  development  of  storage  struc¬ 
tures  often  has  been  to  simply  build 
a  structure,  to  store  several  different 
types  of  fruit  and  vegetables  therein, 
and  to  accept  a  certain  percentage  of 
loss.  Recent  investigations  indicate 
the  possibility  of  minimizing  the  losses 
and  of  also  avoiding  the  intangible 
but  appreciable  nutritive  and  culinary 
deterioration  occasionally  encountered 
under  certain  conditions.  The  Mary¬ 
land  station  found  that  40°  F.  is  the 
best  storage  temperature  for  potatoes, 
while  from  32°  to  35°  F.  is  the  best 
storage  temperature  for  carrots,  in¬ 
dicating  that  storage  conditions  suit¬ 
able  for  one  vegetable  may  not  suffice 
for  another. 

A  number  of  stations  are  attempt¬ 
ing  to  meet  the  very  evident  need  for 


information  on  the  storage  require¬ 
ments  of  each  fruit  and  vegetable.  Re¬ 
sults  obtained  at  the  Massachusetts, 
Pennsylvania,  Iowa,  and  Indiana  sta¬ 
tions  with  apples,  and  at  the  Georgia 
and  New  Jersey  stations  with  sweet- 
potatoes  have  been  of  fundamental 
value  in  securing  higher  quality  in 
these  commodities  at  a  lower  cost. 
The  Pennsylvania  flndings,  in  particu¬ 
lar,  have  indicated  practical  methods 
for  insulating  fruit  and  vegetable 
storages  to  secure  the  optimum  in¬ 
terior  conditions  during  winter.  It 
has  been  found  that  frost-proof  stor¬ 
ages  may  be  easily  and  economically 
constructed  when  the  heat  given  off 
by  the  ground  during  the  winter  is 
properly  utilized. 

Farm  dwellings. — Greater  economy  andl 
utility  in  the  construction  of  farm 
dwellings  is  a  profitable  field  of  re¬ 
search.  The  minimum  cost  for  two 
to  four  room  houses  of  fair  construc¬ 
tion  without  basement  or  utilities,  ac¬ 
cording  to  the  Arkansas  station,  is  al¬ 
most  12  cents  per  cubic  foot,  and  with 
increase  in  volume  the  cost  per  cubic 
foot  is  higher.  Apparently  more  at¬ 
tention  should  be  given  to  the  1-story 
house,  larger  kitchens,  fewer  and 
larger  rooms,  smaller  total  area,  more 
work-porch  area,  and  direct  entrance 
to  the  kitchen  from  the  outside. 

Materials  of  construction. — The  develop¬ 
ment  of  cheaper  methods  and  more 
durable  materials  of  construction  has 
received  some  attention  at  the  sta¬ 
tions.  The  California  and  North  Da¬ 
kota  stations  and  this  department  have 
made  considerable  progress  in  the  de¬ 
velopment  of  adobe  and  rammed  earth 
as  structural  materials  for  farm  out¬ 
buildings,  and  several  other  stations, 
including  especially  the  Iowa,  Pennsyl¬ 
vania,  and  Arkansas,  have  demon¬ 
strated  the  economy  of  protecting  the 
wooden  timbers  of  farm  structures 
against  decay  by  various  preservative 
treatments.  The  Forest  Service  of 
this  department  has  cooperated  effec¬ 
tively  in  this  work  to  the  end  that 
considerably  longer  and  better  service 
can  be  secured  from  wooden  structures. 

Farm  sewage  disposal. — Greater  com¬ 
fort,  convenience,  and  sanitation  in 
the  farm  home  at  minimum  cost  are 
recognized  now  as  important  eco¬ 
nomic  features  of  the  modern  farm 
home.  Progress  in  the  attainment  of 
these  has  been  realized  from  the 
studies  at  such  stations  as  the  Kansas, 
Illinois,  Montana,  and  Wisconsin,  all 
of  which  have  resulted  in  information 
relating  to  size,  construction,  and  cost 
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of  sewage-disposal  systems  adapted  ^o 
farm  homes  of  different  sizes. 

Robert  W.  Trullingee. 

AGRICULTURAL  ECONOMICS  AND  RURAL 
SOCIOLOGY 

The  more  recent  recruits  to  the 
cause  of  agricultural  research,  eco¬ 
nomics  and  sociology,  made  a  satis¬ 
factory  showing  during  the  year.  Im¬ 
provements  were  made  in  station  per¬ 
sonnel,  projects,  publications,  and  co¬ 
operative  relations.  The  number  of 
persons  employed  in  agricultural  eco¬ 
nomics  increased  from  229  to  234. 
The  number  of  specialists  in  this  field 
holding  master's  degrees  increased 
from  112  to  125,  and  the  number  hold¬ 
ing  doctor’s  degrees  increased  from  43 
to  52.  The  number  of  specialists  in 
rural  sociology  increased  from  27  to 
32,  the  number  holding  master’s  de¬ 
grees  from  8  to  11,  and  the  number 
holding  doctor’s  degrees  from  7  to  14. 
As  the  proportion  of  persons  holding 
the  higher  degi’ees  increased,  those 
holding  bachelor’s  degrees  only  or  no 
degrees  at  all  declined  correspondingly. 

Though  the  number  of  active  proj¬ 
ects  in  agricultural  economics  and  ru¬ 
ral  sociology  increased  only  slightly 
during  the  year,  definite  improvement 
was  noted  in  the  character  of  new 
projects  undertaken  and  older  ones  re¬ 
vised.  Of  the  total  number  of  eco¬ 
nomics  projects  under  way,  about  40 
per  cent  dealt  with  various  phases  of 
farm  management,  and  about  45  per 
cent  dealt  with  marketing  problems. 
The  remaining  economics  projects 
were  concerned  with  taxation,  farm 
finance,  and  land  utilization.  In 
sociology,  emphasis  was  placed  upon 
rural  social  organization,  although  a 
growing  interest  in  the  study  of  rural 
population  and  standards  of  living 
was  evident.  In  both  economics  and 
sociology,  significant  progress  was 
noted  in  cooperation  and  coordination 
of  research  effort.  The  number  of 
cooperative  projects  in  these  two  fields 
increased  from  208  in  1927-28  to  299 
in  1928-29. 

The  station  publications  received 
during  the  year  reveal  the  widespread 
interest  in  agricultural  readjustment, 
which  has  arisen  out  of  recent  experi¬ 
ence  with  unprofitable  surpluses.  Out 
of  a  total  of  109  bulletins  reporting 
results  of  economic  studies,  47  were 
upon  marketing  and  28  were  upon 
farm-management  subjects.  Although 
16  bulletins  were  reports  upon  surveys 
of  areas,  enterprises,  and  farm  com¬ 


modities,  it  is  evident  that  agricultural 
surveys  are  either  giving  way  to  more 
clear-cut  methods  of  economics  re¬ 
search  or  becoming  incidental  to  them. 
Only  3  bulletins  were  published  on 
the  agricultural  outlook.  Ten  bulletins 
dealt  with  agricultural  taxation,  3  with 
farm  finance  and  rural  credits,  and  2 
with  land  economics.  Thirteen  bulle¬ 
tins  carried  the  results  of  rural  socio¬ 
logical  studies. 

Judging  from  the  evidence  at  hand, 
the  stations  are  seriously  endeavoring 
to  contribute  their  part  to  the  solution 
of  the  problems  of  agricultural  read¬ 
justment.  These  problems  may  be 
divided  into  two  rather  distinctive  but 
mutually  interrelated  groups.  The 
one  dealing  vrith  the  prices  received  by 
the  farmers  may  be  classed  as  market¬ 
ing,  and  the  other,  concerned  with  the 
size  and  quality  of  the  supply  and 
the  expenses  involved  in  production,  as 
farm-management  problems.  Special¬ 
ists  and  administrative  leaders  evi¬ 
dently  realize  that  what  the  growers 
are  striving  for  is  not  prices  only  but 
profits  and  incomes ;  that  these  ends 
are  to  be  realized  by  the  reciprocal 
processes  of  increasing  receipts  on  the 
one  hand  and  curtailing  operating  ex¬ 
penses  on  the  other.  The  researches 
in  marketing  are  designed  to  yield 
information  which  will  enable  the 
growers  to  eliminate  inefficiencies  and 
unnecessary  costs  in  moving  commodi¬ 
ties  from  the  farm  to  the  centers  of 
consumption  and  to  encourage  demand, 
and  thus  to  maintain  satisfactory  price 
levels.  Concurrent  with  marketing 
studies,  researches  in  farm  manage¬ 
ment  and  related  economic  inquiries 
are  designed  to  yield  information 
which  will  enable  the  growers  to  or¬ 
ganize  and  operate  their  farms  in  such 
a  manner  as  to  produce  the  necessary 
supplies  of  farm  commodities  at  costs 
consistent  with  prices  received.  Prog¬ 
ress  in  the  solution  of  these  two 
groups  of  economic  problems  is  indi¬ 
cated  by  a  few  examples  of  results 
reported  during  the  year. 

MARKETING 

In  a  study  of  the  relation  of  the 
grade  and  staple  length  of  cotton  to 
the  prices  received  by  growers  in  their 
local  markets  the  Texas  station  gath¬ 
ered  a  total  of  2,518  samples,  includ¬ 
ing  408  at  Robstown,  in  south  Texas, 
938  at  Henderson,  in  east  Texas,  478 
at  Hillsboro,  in  the  black  waxy  prairie 
belt,  and  694  at  Lubbock,  in  the  new 
cotton-growing  area  of  west  Texas. 
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The  model  quality  was  Middling  White 
15/16-inch  cotton ;  and  the  modal 
grade  at  Robstown,  Henderson,  and 
Hillsboro  was  Middling  White,  where¬ 
as  at  Lubbock  it  was  strict  Low  Mid¬ 
dling  White  cotton.  The  weighted  av¬ 
erage  staple  length  was  13.95  six¬ 
teenths  inch  at  Henderson,  15.15  at 
Lubbock.  15,63  at  Hillsboro,  and  16.03 
at  Robstown.  Although  a  tendency 
was  noted  to  pay  for  cotton  at  each 
point  studied  on  a  basis  of  average 
quality,  there  was  only  a  slight  tend¬ 
ency  to  recognize  grade  differences 
and  values.  Very  little,  if  any,  recog¬ 
nition  appeared  to  be  given  staple 
length  in  determining  the  price  paid 
to  the  cotton  grower. 

In  a  comparison  between  local  and 
centra]  market  values,  grouped  ac¬ 
cording  to  grade  regardless  of  staple, 
it  was  evident  that  the  low  grades  had 
been  recognized  and  penalized  in  the 
local  buying.  The  higher  grades  seem 
to  have  been  bought  on  a  flat  or  aver¬ 
age  basis  and  consistently  penalized. 
There  was  no  evidence  of  a  conscious 
effort  on  the  part  of  local  trade  to  re- 
Vv’ard  long  staple  or  to  penalize  short 
staple.  It  is  becoming  quite  generally 
recognized  that  this  type  of  buying 
encourages  farmers  to  plant  varieties 
that  will  give  them  the  highest  yield 
regardless  of  staple  quality,  which 
seems  to  explain  the  decline  in  the 
spinning  value  of  Texas  cotton.  The 
results  of  a  similar  study  by  the  Ala¬ 
bama  station  tend  to  conflrm  the  Texas 
findings. 

The  Ohio  station,  in  a  study  of  di- 
rect-to-packer  buying  of  hogs  in  the 
United  States  in  64  middle  western 
markets  extending  from  January,  1920, 
to  June,  1928,  inclusive,  found  that  the 
percentage  of  hogs  purchased  direct 
increased  from  20.2  in  1920  to  32.4  in 
1927.  Ordinarily  the  greater  percent¬ 
age  of  the  total  number  slaughtered 
was  purchased  direct  during  the 
months  of  October  to  February,  inclu¬ 
sive.  The  data  indicated  that  pack¬ 
ers  increase  the  proportion  of  direct 
purchases  during  periods  of  increase 
in  the  hog-marketing  cycle,  hold  or 
slightly  decrease  the  percentage  with 
the  pe  ak  of  the  cycle,  hold  about  the 
same  proportion  during  the  period  of 
decrease  in  receipts,  and  increase  the 
proportion  during  the  next  period  of 
increasing  receipts. 

In  a  study  of  cooperative  butter  mar¬ 
keting,  the  Wisconsin  station  secured 
data  upon  182  or  64.3  per  cent  of  the 
cooperative  creameries  of  the  State 
Of  these,  46  graded  cream,  but  only  3i 


paid  on  a  grade  basis,  though  16  of 
this  number  were  in  a  cooperative  sales 
organization.  Of  the  butter  of  the 
creameries  in  two  counties  selling  co¬ 
operatively,  81.5  per  cent  veas  93-score: 
sweet  cream  in  1925  and  90.8  per  cent 
in  1927.  A  comparison  of  the  groups'- 
making  from  150,000  to  450.000  pounds- 
of  butter  per  year  and  1,350,000  pound.^ 
and  over  showed  that  in  1925  the  haul¬ 
ing  of  cream  per  pound  of  butter  cost, 
respectively,  1.46  and  1.125  cents,  and 
butter  making,  3.055  and  2.107  cents. 
The  net  prices  received  were  43.337  and 
43.383  cents,  and  the  prices  paid  for 
butterfat  were  49.513  and  51.847  cents, 
respectively.  The  advantages  to  pro¬ 
ducers  increased  according  to  the  size 
of  the  creamery.  Fourteen  federatevd 
creameries  received  from  0.647  to  1.333 
cents  per  pound  more  for  butter  and 
paid  from  0.814  to  1.695  cents  more 
for  butterfat  than  did  four  other 
groups  of  similar  number  and  size. 

Cooperative  marketing. — Of  the  47  bulle¬ 
tins  received  during  the  year  on  mar¬ 
keting  subjects,  7  dealt  rather  specifi¬ 
cally  with  cooperative  marketing.  The 
Iowa  station  reported  results  of  a 
follow-up  study  of  one  previously  made 
on  the  subject  of  local  cooperative  live¬ 
stock  associations  in  Iowa  since  1920. 
Between  the  two  studies  the  number 
of  cooperative  shipping  associations  in¬ 
creased.  In  1924,  about  50  per  cenr 
of  the  farmers  of  the  State  were  using- 
such  associations  to  a  greater  or  lesser 
extent,  but  the  proportion  of  total 
shipments  handled  by  the  associations 
remained  practically  the  same.  In 
1925,  68  per  cent  of-  the  associations 
were  incorporated,  as  compared  with 
34  per  cent  in  1920.  Incorporated  as¬ 
sociations  shipped  on  an  average  105 
cars  of  livestock  as  compared  with  an 
average  of  92  cars  shipped  by  unin¬ 
corporated  associations.  Tim  mana¬ 
ger-controlled  associations  shipped  an 
average  of  135  cars,  while  those  in 
which  managers  had  no  control  of 
shipments  averaged  only  71  cars. 
Changing  conditions  in  the  livestock 
trade,  such  as  the  expansion  of  the 
demand  of  local  packers  and  trucking 
to  markets,  were  found  to  be  testing 
severely  the  efficiency  of  the  manage¬ 
ment  of  the  shipping  associations. 

The  North  Dakota  station  found 
that  the  average  costs  of  marketing 
for  80  cooperative  associations  sell¬ 
ing  livestock  in  the  South  St.  Paul 
market  in  1927  were  for  cattle,  70.27 
cents  per  hundredweight ;  for  hogs, 
79.98  cents :  for  sheep  in  double-deck 
cars.  88.19  cents  ;  for  sheep  in  single- 
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deck  cars,  120  cents ;  and  for  mixed 
•cars,  81.36  cents.  Of  the  average  costs 
'Of  marketing,  freight  amounted  to 
from  50  to  55  per  cent;  selling  com¬ 
missions,  to  from  10  to  15  per  cent ; 
and  all  terminal  charges,  including 
freight,  to  from  80  to  85  per  cent  of 
the  total  marketing  costs.  Out  of  each 
dollar  of  gross  sales,  the  cooperative 
associations  in  1927,  on  an  average 
returned  to  members  for  cattle,  89.4 
cents ;  for  hogs,  92.9  cents ;  for  sheep, 
91.9  cents ;  and  for  mixed  shipments, 
90  cents. 

Interrelations  of  supply  and  price. — Illus¬ 
trative  of  the  improved  technic  em¬ 
ployed  ill  modern  price  analysis,  the 
New  York  Cornell  station  reported  the 
results  of  a  statistical  study  of  the 
interrelationships  of  supply  and  price 
of  farm  products.  The  clarity  of  con¬ 
clusions  drawn  by  the  project  leaders 
should  be  helpful  to  those  who  would 
give  meaning  to  the  commonplace  ex¬ 
pression  “  changing  economic  condi¬ 
tions.” 

Attention  is  called  to  the  error  of 
using  wholesale  prices  as  measures  of 
consumers’  and  producers’  prices.  It 
is  stated  that  the  price  that  the  pro¬ 
ducer  receives  is  the  only  price  that 
affects  production  and  that  the  price 
that  the  consumer  pays  is  the  only 
price  that  affects  his  consumption. 

Distinction  is  made  between  the  par¬ 
ticular  prices  which  affect  different 
parts  of  the  supply  consumed.  That 
part  used  on  the  farms  is  affected  by 
farm  prices,  which  fluctuate  violently ; 
that  part  of  the  supply  consumed 
which  sells  at  retail  is  affected  by 
retail  prices,  which  fluctuate  little ; 
that  part  of  the  supply  consumed 
which  sells  in  tin  cans  is  affected  by 
prices  of  canned  goods,  which  fluc¬ 
tuate  still  less ;  and  that  part  of  the 
supply  consumed  in  hotels  is  affected 
by  prices  on  the  bill  of  fare,  which 
are  practically  indifferent  to  supply. 

The  authors  qualify  the  statement 
that  supply  and  demand  govern  prices. 
Not  all  prices  may  be  thus  fully  ex¬ 
plained.  Consumers’  prices  are  gov¬ 
erned  by  supply  and  demand.  Prices 
paid  to  farmers  are  consumers’  prices 
less  the  cost  and  profit  of  distribu¬ 
tion.  They  may  be  low  because  supply 
or  demand  hns  made  them  low,  or 
they  may  be  low  in  spite  of  high  con¬ 
sumers’-  prices  if  distributing  charges 
have  risen. 

In  May,  1927,  food  products  sold  by 
American  farmers  were  retailing  in 
American  cities  for  72  per  cent  above 
pre-war  prices,  but  farmers  were  re¬ 


ceiving  only  46  per  cent  above  pre-war 
prices  for  them.  Distributing  charges 
for  farm  products  in  1927  averaged  91 
per  cent  above  pre-war  charges.  This 
made  farm  prices  low\ 

The  producer  pays  the  freight  and 
ail  other  distributing  costs  until  such 
a  time  as  he  is  able  to  reduce  produc¬ 
tion  and  so  pass  on  a  part  of  these 
charges  to  the  consumer.  Consumers 
pay  more  for  a  large  crop  than  for  a 
small  one.  Farmers  receive  fewer 
dollars  for  a  large  crop  than  for  a 
small  one.  The  extra  amount  paid  by 
consumers  remains  in  the  cities. 

Farmers  respond  to  prices  as  vig¬ 
orously  as  does  industry,  but  they  are 
dealing  with  biological  facts.  When 
prices  of  pig  iron  were  20  per  cent 
above  normal,  production  was  in¬ 
creased  12  per  cent  in  the  same  year. 
When  round  steak  sold  for  20  per  cent 
above  the  normal  price,  the  receipts  of 
steers  in  Chicago  were  increased  32 
per  cent  eight  years  later. 

Though  authorities  may  differ  in  the 
interpretation  of  marketing  phenom¬ 
ena,  studies  of  this  character  tend  to 
promote  a  clearer  appreciation  of  the 
practical  problems  of  agricultural 
readjustment. 

FARM  MANAGEMENT 

In  the  bulletins  received  a  growing 
appreciation  is  noted  of  the  importance 
of  clearer  pictures  of  type-of-farming 
areas  as  bases  for  intensive  studies 
of  farm  organization  and  operation. 
A  typical  example  of  the  results 
obtained  from  study  of  type-of-farming 
areas  was  reported  by  the  Iowa  sta¬ 
tion.  The  five  type-of-farming  regions 
studied  were  the  cash-grain  area  in 
the  central  and  northwestern  part  of 
the  State,  the  dairy  area  in  the  north¬ 
eastern  part,  the  western  meat-produc¬ 
tion  area,  the  eastern  meat-production 
area,  and  the  southern  pasture  area. 
In  four  of  these  areas  livestock  and 
livestock  products  are  the  principal 
sources  of  income.  In  the  cash-grain 
area,  a  large  part  of  the  receipts 
comes  from  sales  of  grain.  In  the 
dairy  area,  receipts  from  the  sale  of 
butterfat  are  of  primary  importance. 
In  the  other  three  areas,  hogs  and  beef 
cattle  are  the  chief  sources  of  income. 

Two  groups  of  conditions  and  forces 
determine  the  prevailing  types  of 
farming  in  the  five  areas:  (1)  The 
economic  forces,  centering  in  prices 
and  costs,  and  (2)  the  physical,  or 
natural  conditions,  including  soil,  cli¬ 
mate,  and  surface  or  topographic  fea- 
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tures.  Changes  in  economic  forces 
effect  changes  in  the  lype  of  farming. 
The  particular  types  of  farming  of 
each  area  are  accounted  for  largely 
through  the  peculiar  combination  of 
soil,  surface,  and  temperatures  and 
rainfall  and  their  distribution.  It  is 
pointed  out  that  these  influences  first 
determine  the  cropping  system,  and 
this  in  turn  determines  the  livestock 
system  of  each  area. 

Corn  is  Iowa’s  leading  crop,  one- 
third  of  the  area  of  the  State  being 
devoted  to  it.  Oats  are  next  in  im¬ 
portance,  occupying  about  18  per  cent 
of  the  area  of  the  State  or  a  little 
more  than  half  the  grain  acreage. 
Wheat  is  grown  but  occupies  only 
about  1.1  per  cent  of  the  farm  land. 
Hay  is  relatively  unimportant  except 
in  the  dairy  and  eastern  meat-produc¬ 
tion  and  southern  pasture  areas.  Hogs 
constitute  the  most  important  type  of 
livestock  enterprise.  Fully  40  per  cent 
of  the  Iowa  farmers’  income  is  nor¬ 
mally  derived  from  the  sale  of  swine. 
Next  in  importance  comes  the  selling 
of  beef  cattle ;  then  follow  dairy  cattle, 
poultry,  sheep,  and  "work  stock  in 
descending  order  of  importance  in 
their  commercial  production. 

From  the  results  of  the  more  in¬ 
tensive  studies  which  follow  the 
check-up  on  types  of  farming,  it  is 
hoped  that  the  agriculture  of  Iowa 
may  be  kept  in  adjustment  with  its 
natural  setting  on  the  one  hand  and 
with  changing  economic  conditions  on 
the  other. 

Rancli  management. — The  stations’  in¬ 
terest  in  readjustment  has  not  been 
confined  to  the  farming  section  alone, 
as  evidenced  by  the  bulletins  received 
on  ranch  organization  and  manage¬ 
ment.  The  Colorado  station,  in  a  study 
of  32  cattle  ranches  in  the  mountain 
area  of  the  State,  covering  the  period 
1922  to  1925,  found  that  the  size  of 
herds  varied  from  162  to  2,618,  aver¬ 
aging  1,800  head.  The  ranches  varied 
in  size  from  860  to  more  than  55,000 
acres,  two-thirds  of  which  was  owner 
operated-  The  average  investment  was 
over  $100,000,  of  which  more  than 
one-third  was  in  cattle.  Only  two 
ranches  were  free  from  debt.  Cattle 
debts  amounted  to  about  $18  per  head 
and  40  per  cent  of  the  total  indebted¬ 
ness. 

The  average  return  was  2.74  per 
cent,  or  about  $2,000  on  total  invest¬ 
ment.  The  ranch  expense  per  head 
amounted  to  $10.32,  excluding  interest, 
and  $18.38  including  interest  on  in¬ 
vestment  at  6  per  cent.  Total  ex¬ 


penses  averaged  $10,781.  The  largest 
item,  $4,187,  was  for  paid  labor,  the 
next  largest  was  $1,091,  for  taxes,  and 
the  next  was  $973,  for  feed  and  salt. 
Cattle  gained  from  200  to  250  pounds 
a  year.  From  1,100  to  3,300  pounds 
of  hay  per  cow  was  fed,  depending 
upon  the  severity  of  the  winters.  No 
grain  was  fed  to  cows.  The  percent¬ 
age  of  calf  crop  varied  from  39  to  91, 
averaging  64.  Calf  crop  was  11  per 
cent  higher  on  fenced  ranges  than  in 
national  forests.  One  dollar’s  worth 
of  extra  grain  per  bull  secured  a  9  per 
cent  increase  in  calf  crop.  Private 
lands,  public  domain,  and  national  for¬ 
ests  were  used.  The  principal  prob¬ 
lem  before  the  ranchman,  the  reduction 
of  operating  expenses  to  an  item  con¬ 
sistent  with  normal  receipts,  called  for 
stricter  economies  in  ranch  operation, 
greater  skill  in  handling  cattle  on  the 
ranges,  and  the  combination  of  other 
enterprises  with  cattle. 

The  Nebraska  station  published  the 
results  of  study  of  the  economic  as¬ 
pects  of  the  cattle  industry  in  the  sand 
hills  area.  The  land  of  the  area  is 
utilized  very  largely  for  grazing.  The 
average  investment  in  the  47  ranches 
studied  was  approximately  $70,000. 
The  average  size  of  the  ranches  was 
6,681  acres.  Average  cash  receipts 
varied  per  ranch  from  $6,577  in  1924-25 
to  $11,837  in  1926-27.  Average  cash 
expenses  varied  from  $3,809  in  1924-25 
to  $4,328  in  1926-27.  The  average  re¬ 
turn  on  investment  on  owner’s  equity 
varied  from  0.5  per  cent  in  1924-25  to 
8.8  per  cent  in  1925-26  and  5.4  per 
cent  in  1926-27.  Cattle  were  the  prin¬ 
cipal  source  of  income.  Hired  labor 
was  the  most  important  item  of  ex¬ 
pense,  averaging  one-third  of  all  cur¬ 
rent  cash  expenses,  interest  excluded. 
It  was  found  that  individual  ranch¬ 
men  varied  greatly  in  their  ability  to 
interpret  market  conditions  and  adjust 
their  production  plans  with  profit  to 
themselves. 

A  number  of  States  reported  results 
of  studies  of  taxation,  credits,  and 
land  utilization,  which  may  be  inter¬ 
preted  as  a  manifestation  of  their  in¬ 
terest  in  efficiencies  and  economies  in 
production  as  partial  offsets  to  exist¬ 
ing  low  prices. 

RURAL  SOCIOLOGY 

A  comparative  study  of  incomes  and 
expenditures  of  226  farm  and  252  city 
families  by  the  Minnesota  station  re¬ 
vealed  that  the  average  cash  receipts 
per  farm  family  amounted  to  $3,647,  an 
average  per  adult  of  $954,  and  the 


72 


REPORT  ON  THE  EXPERIMENT  STATIONS,  1929 


average  of  cash  receipts  ranged  from 
$836  for  14  families  to  $10,563  for  26 
families.  The  expenditures  were 
greater  than  farm  receipts.  The  aver¬ 
age  farm  family  expenditures  totalled 
$3,951,  of  wdiich  $1,733  was  spent  on 
the  farm ;  $848  was  invested ;  $248  was 
spent  on  automobiles ;  and  $1,122  was 
spent  on  the  family  living. 

The  average  income  of  urban  fami¬ 
lies  totalled  $3,878  and  the  average  ex¬ 
penses,  $3,943.  Net  spendable  incomes 
distributed  into  groups  increasing  in 
size  by  $1,000  to  $6,000  or  more  showed 
that  the  higher  the  net  spendable  in¬ 
come,  the  lower  was  the  proportion 
used  for  living  and  the  greater  was 
the  propcrtion  devoted  to  investment, 
including  interest  payments.  As  in¬ 
comes  increase  certain  principles  seem 
to  govern  the  distribution  of  expendi¬ 
tures  among  the  urban  families 
studied.  The  consumption  of  all  items 
increases  in  quantity  and  value. 
Proportionately,  food,  household, 
clothing,  and  health  expenditures  de¬ 
cline.  Miscellaneous  or  “  advance¬ 
ment  ”  expenditures  remain  about  con¬ 
stant,  although  they  show  some 
tendency  to  increase  proportionately  in 
the  middle  groups.  Proportions  used 
for  automobiles  increase,  but  those  for 
investment  increased  most  rapidly  of 
all. 

Competition  within  the  family  bud¬ 
get  is  indicative  of  the  attitude  of 
families  toward  improved  living.  Ex¬ 
penditures  for  present  consumption 
compete  with  those  looking  ahead  to 
the  future,  investments  for  example. 

The  author  recognized  the  difficulties 
of  attempting  to  make  fair  compari¬ 
sons  between  city  and  farm  incomes. 
The  distribution  of  expenditures  shows 
an  average  of  $1,193  per  city  adult 
and  only  $640  per  farm  adult  unit. 
Although  city  dwellers  have  certain 
definite  advantages  not  enjoyed  in  the 
rural  districts,  farm  families  enjoy 
certain  material  and  inspirational 
values  not  available  to  city  dwellers. 
For  example,  farm  cash  income  is 
supplemented  by  many  living  items 
such  as  food,  house  rent,  and  fuel 
directly  appropriated  from  the  farm. 
Generally  speaking,  the  relative  stand¬ 
ards  of  living  of  farm  families,  as 
compared  with  those  of  city  families, 
have  been  greatly  underestimated. 
This  study  makes  an  important  contri¬ 
bution  towards  the  development  of  a 
satisfactory  basis  of  comparing  city 
living  incomes  with  those  of  the  rural 
districts. 

A  study  in  1926  of  living  conditions 
among  white  owner  operators  in  Wake 


County,  N.  C.,  by  the  North  Carolina 
station,  included  294  white  farm  land 
owning  and  operating  families,  or  14 
per  cent  of  the  total  white  family 
owner  operators  in  the  county.  The 
average  age  of  the  operators  was  50 
years ;  total  acres  owned,  58 ;  acres  in 
crops,  30%  ;  size  of  family,  4.6 ;  length 
of  experience  of  operators,  28  years. 
Of  the  operators  studied,  61  per  cent 
were  born  in  the  township,  76  per  cent 
in  the  county,  and  98  per  cent  in  the 
State.  Of  the  total  cash  income,  64 
per  cent  came  from  crops — principally 
cotton  ;  7  per  cent  from  labor ;  13  per 
cent  from  animals ;  and  16  per  cent 
from  investments.  The  average  ex¬ 
penditure  for  all  items  in  the  living 
budget  was  $1,056,  or  44.3  per  cent  of 
the  total  expenditure  budget.  Home 
and  household  expenses  took  16.5  per 
cent;  food  and  fuel,  15.6  per  cent; 
clothing,  27.8  per  cent ;  automobile, 
12.6  per  cent ;  health,  7.8  per  cent ; 
education,  5.5  per  cent ;  reading,  1.2 
per  cent ;  social  activity  and  recrea¬ 
tion,  0.9  per  cent ;  other  items,  12.1 
per  cent.  The  low  farm  incomes  and 
living  standards  of  Cotton  Belt  fami¬ 
lies  revealed  in  this  investigation  sug¬ 
gest  the  need  of  further  and  more 
profound  study  of  the  subject  and  of 
the  economic  problems  of  readjusit- 
ment. 

Community  halls  and  libraries. — A  study 
of  rural  community  halls  was  re¬ 
ported  by  the  Montana  station.  More 
than  100  rural  communities  in  that 
State  have  built  social  halls  since 
1893.  These  halls  serve  as  centers 
for  a  wide  variety  of  educational,  so¬ 
cial,  religious,  and  economic  activi¬ 
ties.  When  properly  maintained,  the 
halls  promote  community  solidarity, 
increase  neighborliness,  provide  recre¬ 
ation,  and  are  the  source  of  many 
cooperative  undertakings. 

The  Montana  station  also  reported 
a  study  of  county  libraries.  In  1915 
the  Montana  Legislature  enacted  a 
law  authorizing  counties  to  levy  a  tax 
not  to  exceed  1  mill  for  libraries. 
Nine  of  the  56  counties  now  maintain 
libraries.  About  35  per  cent  of  the 
population  of  the  counties  having 
libraries  are  registered  as  patrons. 
Borrowers  are  about  equally  dis¬ 
tributed  as  between  young  people  and 
adults.  Average  total  circulation  for 
all  nine  county  libraries  was  28,341 
volumes.  Circulation  is  facilitated  by 
277  book  stations  in  schools,  5  branch 
libraries,  and  79  book-deposit  stations. 
About  44  per  cent  of  the  books  are 
fiction ;  28,  reference ;  and  28  per  cent 
juvenile. 
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I  Rural  supplies  and  services. — The  Min- 
!  nesota  station  reported  analyses  of  the 
j  distribution  of  supplies  and  services 
among  the  farm  population.  The 

study  represents  the  buying  side,  as 
contrasted  with  the  selling  side,  of  the 
j  farm  family.  Towns  from  300  to 
I  12,000  population  in  agricultural  dis- 
j  tricts  were  selected  for  study.  The 
I  report  states  that  from  practically 
j  every  standpoint  the  fates  are  against 
I  the  small  trade  center,  and  slowly  but 
surely,  a  new  type  of  trade  center  in 
rural  regions  is  developing.  The 

advent  of  good  roads  and  automobiles 
has  made  it  easy  for  the  farmer  to  go 
considerable  distance  for  commodities 
that  were  formerly  purchased  in  his 
near-by  trade  center.  Farmers  are 
now  purchasing  commodities  in  the 
larger  trade  centers,  where  special 


stores  are  found,  whenever  it  is  de¬ 
sirable  to  look  over  larger  assortments 
than  are  carried  by  the  stores  in  the 
small  trade  centers.  The  small  trade 
center  does  not  thoroughly  serve  the 
modern  farmer  who  is  scientific  in  his 
agricultural  practices.  The  modern 
farmer  wants  something  more  than 
coffee  and  flour.  He  wants  association 
and  ideas.  The  study  showed  that  the 
general  stbre  and  small  trade  centers 
are  maintained  at  a  degree  of  waste  to 
the  community.  The  average  mark¬ 
ups  on  goods  were  higher  in  the  small 
centers  than  in  the  larger  ones.  Near¬ 
ness  and  convenience  are  the  only 
advantages  of  the  small  trade  centers. 
A  closely  related  study  of  village  serv¬ 
ice  agencies  was  reported  by  the  New 
York  Cornell  station. 

B.  Youngblood. 
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The  following  list  of  regular  publi¬ 
cations  of  the  stations  received  by  the 
office  during  the  year  ended  June  30, 
1929,  includes  751  publications  classi¬ 
fied  as  follows :  Meteorology,  14 ;  soils 
and  fertilizers,  63 ;  field  crops,  72  ;  hor¬ 
ticulture,  77 ;  forestry,  8 ;  plant  dis¬ 
eases,  53 ;  entomology,  56 ;  foods  and 
human  nutrition,  10 ;  animal  produc¬ 
tion,  65 ;  dairying,  39 ;  diseases  of  live¬ 
stock,  27  ;  agricultural  engineering,  27  ; 
economics,  104 ;  sociology  and  home 
management,  16  ;  and  reports,  period¬ 
icals,  regulatory,  and  miscellaneous 
.publications,  120. 

In  addition  to  their  regular  bulletins 
and  reports,  the  stations  published 
2,000  articles  relating  to  their  work 
in  77  outside  journals.  They  also  con¬ 
tributed  or  collaborated  in  44  articles 
published  in  the  Journal  of  Agricul¬ 
tural  Research. 

The  amounts  reported  as  expended 
for  publications  by  the  experiment  sta¬ 
tions  during  the  year  were  as  follows : 
Hatch  fund  $21,042.11,  Purnell  fund 
$51,454.51,  State  funds  $275,078.43, 
total  $347,575.05.  The  amount  used 
from  the  Federal  funds  was  20.85  per 
cent  of  the  total  amount  expended  for 
publications. 

METEOROLOGY 

The  climate  of  Colorado,  a  forty-one  year 
record.  R.  E.  Trimble.  Colo.  Sta.  Bui. 
340,  68  p.  1928. 

The  climate  of  Florida.  A.  J.  Mitchell  and 
M.  R.  Ensign.  Fla.  Sta.  Bui.  200,  p.  91- 
300.  illus.  1928. 

The  relationship  of  weather  to  crops  in  the 
Plains  region  of  Montana.  P.  Patton. 
Mont.  Sta.  Bui.  206,  66  p.,  illus.  1927. 
Meteorological  observations.  C.  I.  Gunness 
et  al.  Mass.  Sta.  Met.  Buis.  475—485,  4 
p.  each.  1928-1929. 

SOILS— FERTILIZERS 


SOILS 

The  use  of  alcoholic  salt  solutions  for  the 
determination  of  replaceable  bases  in  cal¬ 
careous  soils.  O.  C.  Magistad  and  P.  S. 
Burgess.  Ariz.  Sta.  Tech.  Bui.  20,  p. 
481-497.  1928. 

Soil  zeolites  and  plant  growth.  J.  F.  Brea- 
zeale.  Ariz.  Sta.  Tech.  Bui.  21,  p.  499- 
520,  illus.  1928. 

The  hydrolysis  of  sodium  and  potassium 
zeolites,  with  particular  reference  to  po¬ 
tassium  in  the  soil  solution.  O.  C. 

Magistad.  Ariz.  Sta.  Tech.  Bui.  22,  p. 
521-547,  illus.  1928. 
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Base  exchange  in  orthoclase.  J.  F.  Brea- 
zeale  and  O.  C.  Magistad.  Ariz.  Sta. 
Tech.  Bui.  24,  p.  607-629.  1928. 

Plant  and  soil  relations  at  and  below  the 
wilting  percentage.  O.  C.  Magistad  and 
J.  F.  Breazeale.  Ariz.  Sta.  Tech.  Bui. 
25,  36  p.,  illus.  1929. 

Magnesium  and  calcium  in  zeolitic  soils. 
J.  F.  Breazeale.  Ariz.  Sta.  Tech.  Bui.  26, 
p.  37-65,  illus.  1929. 

The  chemical  effect  of  gypsum,  sulfur,  iron 
sulfate,  and  alum  on  alkali  soil.  W.  P. 
Kelley  and  A.  Arany.  Hilgardia  [Calif. 
Sta.],  vol.  3,  no.  14,  p.  393-420.  1928. 

Boron  in  the  soils  and  irrigation  waters  of 
southern  California  and  its  relation  to 
citrus  and  walnut  culture.  W.  P.  Kelley 
and  S.  M.  Brown.  Hilgardia  [Calif. 
Sta.],  vol.  3,  no.  16,  p.  445-458.  1928. 

Changes  in  the  nitrate  and  sulfate  content 
of  the  soil  solution  under  orchard  con¬ 
ditions.  E.  L.  Proebsting.  Hilgardia 
[Calif.  Sta.],  vol.  4,  no.  2,  p.  57-76,  illus. 
1929. 

Daily  and  seasonal  air  and  soil  tempera¬ 
tures  at  Davis,  California.  A.  Smith. 
Hilgardia  [Calif.  Sta.],  vol.  4,  no.  3,  p. 
77-112,  illus.  1929. 

Root  development  and  soil  moisture.  J.  P. 
Conrad  and  F.  J.  Veihmeyer.  Plilgardia 
[Calif.  Sta.],  vol.  4,  no.  4,  p.  113-134, 
illus.  1929. 

Reclamation  of  the  Fresno  type  of  black- 
alkali  soil.  W.  P.  Kelley  and  E.  E. 
Thomas.  Calif.  Sta.  Bui.  455,  37  p.,  illus. 
1928. 

Reaction  studies  of  Delaware  soils.  C.  R. 
Runk.  Del.  Sta.  Bui.  155,  17  p.,  illus. 
1928. 

A  type  of  bacteria  abundant  in  productive 
soils,  but  apparently  lacking  in  certain 
soils  of  low  productivity.  H.  J.  Conn. 
N.  Y.  State  Sta.  Tech.  Bui.  138,  26  p., 
illus.  1928. 

Relation  of  the  water-soluble  potash,  the 
replaceable,  and  acid-soluble  potash  to 
the  potash  removed  by  crops  in  pot  ex¬ 
periments.  G.  S.  Fraps.  Tex.  Sta.  Bui. 
391,  18  p.  1929. 

Crop  yields  from  Illinois  soil  experiment 
fields  in  1928.  F.  C.  Bauer.  Ill.  Sta. 
Bui.  327,  p.  211-238.  1929. 

Whiteside  County  soils.  R.  S.  Smith,  O.  I. 
Ellis,  E.  E.  DeTurk,  F.  C.  Bauer,  and 
L.  H.  Smith.  Ill.  Sta.  Soil  Rpt.  40,  65  p., 
illus.  1928. 

Henry  County  soils.  R.  S.  Smith,  E.  E. 
DeTurk,  F.  C.  Bauer,  and  L.  H.  Smith. 
Ill.  Sta.  Soil  Rpt.  41,  65  p.,  illus.  1928. 
Morgan  Countv  soils.  R.  S.  Smith,  E.  E. 
DeTurk,  F.  C.  Bauer,  and  L.  H.  Smith. 
Ill.  Sta.  Soil  Rpt.  42,  64  p.,  illus.  1929. 
Soil  survey  of  Iowa. — Jefferson  County 
soils.  W.  H.  Stevenson.  P.  E.  Brown, 
et  al.  Iowa  Sta.  Soil  Survey  Rpt.  50, 
64  p.,  illus.  1927. 

Soil  survey  of  Iowa. — Clarke  County  soils. 
W.  H.  Stevenson,  P.  E.  Brown,  et  al. 
Iowa  Sta.  Soil  Survey  Rpt.  51,  56  p., 
illus.  1928. 

Soil  survey  of  Iowa.— Winneshiek  County 
soils.  W.  H.  Stevenson,  P.  E.  Brown, 
et  al.  Iowa  Sta.  Soil  Survey  Rpt.  52,  80 
p.,  illus.  1928. 
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Soil  survey  of  Iowa. — Appanoose  County 
soils  W.  H.  Stevenson,  P.  E.  Brown, 
et  al.  Iowa  Sta.  Soil  Survey  Rpt.  53, 
G2  p..  illus.  1928. 

Soil  survey  of  Iowa. — Plymouth  County 
soils.  W.  H.  Stevenson,  P.  E.  Brown, 
et  al.  Iowa  Sta.  Soil  Survey  Rpt.  51, 
62  p.,  illus.  1929. 

The  soils  of  Michigan  :  Grayling  sand.  M. 
M.  McCool  and  A.  G.  Weidemann.  Mich. 
Sta.  Spec.  Bui.  180,  24  p.,  illus.  1929. 
Organic  matter  in  Berrien  County  soils. 

M.  M,  McCool  and  .1.  O.  Veatch.  Mich. 
Sta.  Circ.  108,  6  p.,  illus.  1929. 

Organic  matter  in  Ingham  County  soils. 

M.  M.  McCool  and  J.  O.  Veatch.  Mich. 
Sta.  Circ.  109,  6  p.,  illus.  1929. 

Organic  matter  in  Kalamazoo  County  soils. 
M.  M.  McCool  and  J.  O.  Veatch.  Mich. 
Sta.  Circ.  110,  6  p.,  illus.  1929. 

Organic  matter  in  Ottawa  County  soils. 

i\I.  M.  McCool  and  J.  O.  Veatch.  Mich. 
Sta.  Circ.  Ill,  6  p.,  illus.  1929. 

Organic  matter  in  Van  Buren  County  soils. 
M.  ]\I.  McC  ol  an  1  ,T.  O.  Veatch.  Mich. 
Sta.  Circ.  112,  6  p..  illus.  1929. 

Organic  matter  in  Calhoun  County  soils. 

i\I.  M  McCool  and  ,T.  O.  Veatch.  Mich. 
Sta.  Circ.  113.  6  p..  illus.  1929. 

Or'^an'c  matter  in  Livingston  County  soils. 
M.  M.  iMcCool  and  .1.  O.  Veatch.  Mich. 
Sta.  Circ.  114,  6  p..  illus.  1929. 

Organic  matter  in  Hillsdale  County  soils. 
M.  M.  McCool  and  J.  O.  Veatch.  Mich. 
Sta.  Circ.  115,  6  p.,  illus.  1929. 

Organic  matter  in  Macomb  County  soils. 

M.  M.  McCool  and  J.  O.  Veatch.  Mich. 
Sta.  Circ.  116,  6  p.,  illus.  1929. 

Distribution  of  acid  soils,  Muskegon  County. 
J.  O.  Veatch.  Mich.  Sta.  Circ.  117,  6 
p.,  illus.  1929. 

Distribution  of  acid  soils.  Jackson  County. 
J.  O.  Veatch.  Mich.  Sta.  Circ.  118,  6  p., 
illus.  1929. 

Distribution  of  acid  soils.  Hillsdale  County. 
J.  O.  Veatch.  Mich.  Sta.  Circ.  119,  6 
p.,  illus.  1929. 

Distribution  of  acid  soils,  Ingham  County. 
J.  O.  Veatch.  Mich.  Sta.  Circ.  120,  6  p., 
illus.  1929. 

Distribution  of  acid  soils,  Kent  County. 
J.  O.  Veatch.  Mich.  Sta.  Circ.  121,  6  p., 
illus.  1929. 

Distribution  of  acid  soils.  Tuscola  County. 
J.  O.  Veatch.  Mich.  Sta.  Circ.  122,  6  p., 
illus.  1929. 

Soil  survey  of  the  Sun  River  irrigation 
project.  W.  DeYoung.  Mont.  Sta.  Bui. 
207,  48  p.,  illus.  1927. 

Soil  survey  of  the  Valier  irrigation  proj¬ 
ect.  W.  DeYoung.  Mont.  Sta.  Bui.  217, 
40  p.,  illus.  1928. 

The  cut-over  lands  of  northern  Idaho.  J. 
H.  Christ.  Idaho  Sta.  Bui.  158,  35  p., 
illus.  1928. 

The  chemical  composition  of  the  soils  of 
the  Trenton  area  in  New  .Tersey.  A.  W. 
Blair  and  A.  L.  Prince.  N.  J.  Stas.  Bui. 
462,  14  p.,  illus.  1928. 

A  southern  grass-sedge  bog,  an  ecological 
study.  B.  W.  Wells  and  I.  V.  Shunk. 

N.  C.  Sta.  Tech.  Bui.  32,  75  p.,  illus. 
1928. 

Soils  of  Willamette  series  and  their  utili¬ 
zation.  W.  L.  Powers,  C.  V.  Ruzek,  and 
R.  E.  Stephenson.  Oreg.  Sta.  Bui.  240, 
28  p.,  illus.  1928. 

Meaning  and  use  of  Willamette  soil  sur¬ 
vey.  E.  F.  Torgerson  and  W.  L.  Powers. 
Oreg.  Sta.  Circ.  90,  19  p.,  illus.  1928. 
Soil  fertility  experiments  on  Volusia  and 
Westmoreland  soils.  J.  W.  White  and 
F.  D.  Gardner.  Pa.  Sta.  Bui.  229,  31  p., 
illus.  1928. 

Concerning  Rhode  Island  soils  in  different 
parts  of  the  State.  B.  L.  Hartwell  and 
J.  B.  Smith.  R.  I.  Sta.  Bui.  214,  24  p., 
illus.  1928. 


FEBTILIZEKS 

The  influence  of  various  nitrogenous  fer¬ 
tilizers  on  the  availability  of  phosphate 
and  potassium.  J.  F.  Fudge.  Ala.  Sta. 
Bui.  227,  49  p.  1928. 

The  effect  of  one  element  of  plant  food 
upon  the  absorption  by  plants  of  another 
element.  J.  F.  Breazeale.  Ariz.  Sta.. 
Tech.  Bui.  19,  p.  461-480.  1928. 

Fertilizer  ratio  experiments  conducted  on; 
Cecil  sandy  clay  loam. — Cotton,  corn,, 
and  wheat  grown  in  rotation.  R.  P, 

Bledsoe  and  J.  J.  Skinner.  Ga.  Sta.  Bui, 
151.  31  p.,  illus.  1929. 

Fertilizers  for  Indiana  soils  and  crops. 

A.  T.  Wiancko.  Ind.  Sta.  Circ.  162, 
8  p.,  illus.  1928. 

Potash  from  industrial  alcohol.  L.  B. 

Broughton,  H.  L.  Marshall,  and  N.  C. 
Thornton.  Md.  Sta.  Bui.  300,  p.  37-61. 

1928. 

Nitrate  of  soda  experiments,  1928.  W.  B. 
Rogers.  S.  C.  Sta.  Circ.  36,  12  p.,  illus. 

1929. 

Experiments  with  fertilizers  on  rotated 
and  nonrotated  ci’ops.  E.  B.  Reynolds. 
Tex.  Sta.  Bui.  390,  39  p.,  illus.  1928. 
The  substitution  of  stable  maniire  by  fer¬ 
tilizers,  green  manures  and  peat:  III. 

B.  L.  Hartwell  and  F.  K.  Crandall. 
R.  I.  Sta.  Bui.  216.  20  p.  1928. 

Legumes  in  soil  improvement.  A.  T. 
Wiancko,  G.  P.  Walker,  and  R.  R. 
Mulvey.  Ind.  Sta.  Bui.  324,  24  p.,  illus. 
1928. 

Physiological  studies  on  tbe  nitrogen  fixing 
tipcteria  of  the  genus  Rhizoblum.  R.  H. 
Walker.  Iowa  Sta.  Res.  Bui.  113,  p. 
369-406,  illus.  1928. 

Some  relations  of  green  manures  to  the 
nitrogen  of  a  soil.  T.  L.  Lyon  and  B.  D. 
Wilson.  N.  Y.  Cornell  Sta.  Mem.  115, 
29  p.,  illus.  1928. 

Value  of  lime  on  Cecil  clay  loam  soil,  as 
measured  by  the  yields  and  profits  of 
crops  grown  in  rotation  under  different 
soil  treatments.  C.  B.  Williams,  S.  K. 
Jackson,  and  F.  T.  Meacham.  N.  C.  Sta. 
Bui.  261,  26  p.  1928. 

Value  of  lime  on  Norfolk  sandy  loam  soil, 
as  shown  by  the  relative  yields  and 
profits  of  crops  grown  in  rotation  under 
different  soil  treatments.  C.  B.  Williams, 
H.  B.  Mann,  and  R.'E.  Cnrrin,  jr.  N.  C. 
Sta.  Bui.  262,  21  p.  1928. 
liiming  western  Oregon  soils.  R.  E. 
Stephenson  and  W.  L.  Powers.  Oreg. 
Sta.  Bui.  237,  20  p.,  illus.  1928. 

FIELD  CROPS 

The  Jerusalem  artichoke.  H.  A.  Schoth. 

Oreg.  Sta.  Circ.  89,  16  p.,  illus.  1929. 
Barley  for  Michigan  farms :  Part  I, 
Barley’s  place  in  Michigan  agriculture. 
H.  C.  Rather.  Part  II,  Barley  varieties, 
E.  E.  Down,  H.  M.  Brown,  and  F.  H. 
Clark.  Mich.  Sta.  Spec.  Bui.  191,  28  p., 
illus.  1929. 

Barley  production  and  varieties  for 
Wyoming.  G.  Hartman  and  A.  F.  Vass. 
Wvo.  Sta.  Bui.  164,  p.  95-132,  illus. 
19'29. 

Factors  affecting  the  germination  and 
growth  of  chamiz.a,  (Atriplex  canescens) . 

C.  P.  Wilson.  N.  Mex.  Sta.  Bui.  169, 
29  p..  illus.  1928. 

Red  clover  seed  for  Indiana.  A.  T. 
Wiancko  and  R.  R.  Mulvey.  Ind.  Sta, 
Circ.  160,  4  p.,  illus.  1928. 

Ch’omosome  numbers  in  Zea  mays  L.  L.  F. 
Randolph.  N.  Y.  Cornell  Sta.  Mem.  117, 
44  p.,  illus.  1928. 

The  breeding  of  strains  of  A-tester  Yellow 
Dent  rorn.  K.  IM.  Liu.  Mich.  Sta.  Tech. 
Bui.  90,  40  p.,  illus.  1928. 
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Relation  of  certain  ear  and  kernel  charac¬ 
ters  of  Reid  Yellow  Dent  corn  to  yield. 
II.  D.  Hughes  and  J.  L.  Robinson.  Iowa 
Sta.  Bui.  257,  p.  169-208.  illus.  1929. 
The  effects  of  early  planting  on  the  com¬ 
position  and  yield  of  corn.  B.  A.  Brown. 
Conn.  Storrs  Sta.  Bui.  151,  p.  37-51, 
illus.  1928. 

The  effect  of  interplanted  legumes  on  the 
yields  of  corn.  C.  K.  McClelland.  Ark. 
Sta.  Bui.  229,  19  p.  1928. 

Tillage  practices  in  relation  to  corn  pro¬ 
duction.  T.  A.  Kiesselbach,  A.  Ander¬ 
son,  and  W.  E.  Lyness.  Nebr.  Sta.  Bui. 
232,  19  p.  1928. 

Corn  production  in  New  Mexico.  J.  C. 
Overpeck.  N.  Mex.  Sta.  Bui.  166,  31  p. 

1928. 

Cotton  variety  test,  1928.  R.  P.  Bledsoe, 
H.  K.  Brabham,  and  G.  A.  Hale.  Ga. 
Sta.  Circ.  83,  3  p.  1929. 

Cotton  varieties.  J.  F.  O’Kelly  and  W.  W. 

Hull.  Miss.  Sta.  Circ.  82,  6  p.  1928. 
Cotton  varietv  tests,  192.8.  T.  S.  Buie. 

S.  C.  Sta.  Circ.  35.  11  p.,  illus.  1929. 
Varieties  of  cotton  for  central  east  Texas. 
IT.  F.  Morris  and  G.  T.  McNess.  Tex. 
Sta.  Bui.  384,  36  p.,  illus.  1928. 

Cotton  spacino- :  I,  Studies  of  the  effect  on 
yield  and  earliness.  J.  O.  Ware.  Ark. 
Sta.  Bui.  230,  84  p.  1929. 

Fertilizer  experiments  with  cotton.  J.  T. 
WiPiamson.  Ala.  Sta.  Bui.  228,  31  p. 

1929. 

Cotton  fertilizer  experiments.  C.  B.  Anders 
and  W.  W.  Hull.  Miss.  Sta.  Bui.  250, 
9  p.  1928. 

Fertiliz’ng  cotton.  C.  B.  Anders.  Miss. 

Sta.  Circ.  83,  7  p.  1929. 

The  toxicity  to  cotton  seedlings  of  high 
concentrations  of  soluble  nitrogenous  fer¬ 
tilizers.  L.  G.  Willis  and  E.  A.  Davis. 
N.  C.  Sta.  Tech.  Bui.  30,  12  p.  1928. 

A  method  for  measuring  the  “  drag  ”  of 
cotton  fibers  and  the  relation  of  certain 
physical  properties  of  the  cotton  fiber  to 
yarn  quality.  .T.  H.  Moore.  N.  C.  Sta. 
Tech.  Bui.  33.  43  p..  illus.  1928. 

Cotton  experiments,  1927.  South  Mississippi 
experiment  station.  E.  B.  Ferris.  Miss. 
Sta.  Eul.  251.  14  p..  illus.  1927. 

Cotton  production,  central  station,  1927. 
•T.  F.  O'Kellv  and  W.  W.  Hull.  Miss.  Sta. 
Bui.  249,  12  p.  1928. 

Studies  in  flax  retting.  A.  Trevetbick.  B. 
B.  Robinson  and  R.  M.  Snyder.  Mich. 
Sta.  Tech.  Bui.  95,  49  p.,  illus.  1928. 
Mixtures  of  spring  cereals  and  flax  in  Ohio. 
L.  E.  Thatcher.  Ohio  Sta.  Bui.  421,  17 
p..  illus.  1928. 

A  study  of  correlated  inheritance  in  a 
certain  Avena  cross.  R.  J.  Garber  and 
K.  S.  Quisenberry.  W.  Va.  Sta.  Bui.  217, 
47  _p.  1928. 

The  inheritance  of  rachilla  length  and  its 
relation  to  other  characters  in  a  cross 
between  Avuia  satlva  and  Arena  sativa 
orien  tails .  T.  E.  Odland.  W.  Va.  Sta. 
Bui.  219.  55  p.,  illus.  1928. 

Oat  varieties  in  California.  W.  W.  Mackie. 

Calif.  Sta.  Bui.  467,  46  p..  illus.  1929. 
Response  of  oats  and  soy  beans  to  manga¬ 
nese  on  some  Coastal  Plain  soils.  L  G. 
Willis.  N.  C.  Sta.  Bui.  257,  13  p.,  illus. 
1928. 

The  maintenance  and  improvement  of 
permanent  pastures,  first  report :  I,  A 
discussion  of  the  factors  involved ;  II, 
The  effects  of  fertilizers  on  the  soil  re¬ 
action,  the  flora,  and  the  production  as  ’ 
measured  by  grazing  (1921-1928).  B. 
A.  Brown  and  W.  L.  Slate.  Conn.  Storrs 
Sta.  Bui.  155,  p.  151-250,  illus.  1929. 

An  analytical  study  of  the  putting  greens 
of  Rhode  Island  golf  courses.  B.  E. 
Gilbert.  R.  I.  Sta.  Bui.  212,  15  p.  1928. 


Field  peas  in  Wisconsin.  E.  J.  Delwiche. 

Wis.  Sta.  Bui.  408,  16  p.,  illus.  1929. 
Variety  tests  of  white  potatoes.  L.  O. 
g-atz.  Fla.  Sta.  Bui.  201,  p.  303-316. 

Certified  Irish  potato  seed,  report  of  1928 
test.  H.  H.  Wedgeworth  et  al.  Miss, 
Sta,  Circ.  80,  7  p.  1928. 

The  normal  multiple  sprouting  of  seed 
potatoes.  J.  Bushnell.  Ohio  Sta.  Bui. 
430,  27  p.,  illus.  1929. 

Physiological  shrinkage  of  potatoes  in 
storage.  C.  O.  Appleman,  W.  D.  Kim¬ 
brough,  and  C.  L.  Smith.  Md,  Sta.  Bui. 
303,  p.  159-175,  illus.  1928. 

Reed  canary  grass.  A.  C.  Arny  et  al. 

Minn.  Sta.  Bui.  252,  19  p.,  illus.  1929. 
Soybean  inoculation  studies.  L.  W.  Erd- 
man  and  F.  S.  Wilkins.  Iowa  Sta.  Res. 
Bui.  114,  56  p.  1928. 

Sudan  grass  for  hay,  seed,  and  pasture. 
R.  E.  Karper,  J.  R.  Quinby,  and  D.  L. 
Jones.  Tex.  Sta.  Bui.  396,  32  p.,  illus. 
1929. 

Experiments  with  sugar  beets  at  the  Hunt- 
ley  Branch  Station.  D.  A.  Savage  and 
L.  Powers.  Mont.  Sta.  Bui.  215,  31  p., 
illus.  1928. 

Approved  practices  for  sweet  potato  grow¬ 
ers.  H.  B.  Mann,  R.  F.  Poole,  and  R. 
Schmidt.  N,  C.  Sta.  Bui.  263,  6  p. 
1929. 

Varietal  experiments  with  tobacco.  T.  C. 
Mcllvaine  and  R.  J.  Garber.  W.  Va. 
Sta.  Bui.  216,  16  p.,  illus.  1928. 

Bright  tobacco  in  Georgia.  J.  M.  Carr. 
Ga.  Coastal  Plain  Sta.  Bui.  10,  31  p., 
illus.  1928. 

High-nicotine  tobacco.  R.  C.  Collison, 
J.  D.  Harlan,  and  L.  R.  Streeter.  N.  Y. 
State  Sta.  Bui.  562,  20  p.'  1929. 

The  effect  of  topping  and  suckering  on 
Havana  seed  tobacco,  being  a  report  of 
the  Tobacco  Sub-Station  at  Windsor. 
N.  T.  Nelson.  Conn.  State  Sta.  Bui.  297, 
p.  99-110,  illus.  1928. 

Report  of  Tobacco  Station  at  Windsor, 

1927.  P.  J.  Anderson.  N.  T.  Nelson,  and 
T.  R.  Swanback.  Conn.  State  Sta., 
Tobacco  Substa.  Bui.  10,  p.  13T-82T, 
illus.  1928. 

Report  of  the  Tobacco  Substation  at 
Windsor  for  1928.  P.  J.  Anderson  and 
T.  R.  Swanback.  Conn.  State  Sta.  Bui. 
299,  p.  145-203,  illus.  1929. 

Tobacco  culture  in  Florida.  W.  B.  Tisdale. 
Fla.  Sta.  Bui.  198,  p.  375-428,  illus. 

1928. 

A  physiological  study  of  dormancy  in  vetch 
seed.  J.  P.  Jones.  N.  Y.  Cornell  Sta. 
Mem.  120.  50  p.,  illus.  1928. 

Colorndo  whe-'t  vnihoties.  A.  Kezer  et  al. 

Colo.  Sta.  Bui.  329,  55  p.,  illus.  1928. 
Winter  wheat  tests  in  New  .Tersey.  H  B. 
Sprague  and  E.  E.  Evaul.  N.  J.  Stas. 
Bnl.  483,  30  p.,  illus.  1929. 

Denton  wheat,  a  ’lew  vnr'etv  for  north 
Texas.  A.  H.  Leidigh.  P.  C.  Mangelsdorf, 
and  P.  E.  Dunkle.  Tex.  Sta.  Bui.  388, 
20  p..  illus.  1928. 

Environmental  factors  influencing  wheat 
production  in  Maryland.  W.  B.  Kemp 
and  J.  E.  Metzger.'  Md.  Sta.  Bui.  297, 
p.  12.3-173.  illus.  1928. 

Cultural  experiments  with  wheat  for  grain 
and  forage  production.  C.  E.  Hill. 
Wash.  Col.  Sta.  Bui.  227,  46  p.,  illus. 

1928. 

Methods  of  winter  wheat  tillage.  A.  L. 
Nelson.  Wyo.  Sta.  Bui.  161,  p.  39-52. 

1929. 

A  comparison  of  some  properties  of  normal 
and  frosted  wheats.  A.  H.  Johnson  and 
W.  O.  Whitcomb.  Mont.  Sta.  Bui.  204, 
66  p.,  illus.  1927. 

Moisture  in  combined  wheat.  A.  Daane. 
Okla.  Sta.  Bui.  183,  15  p.  1928. 
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A  survey  of  the  1928  North  Dakota  wheat 
crop.  C.  E.  Mangels,  T.  E.  Stoa,  and 
R.  C.  Dynes.  N.  Dak.  Sta.  Bui.  222,  23 
p.',  illus.  1928. 

Experiments  with  small  grains  in  southern 
Arizona.  I.  A.  Briggs  and  R.  S.  Hawkins. 
Ariz.  Sta.  Bui.  126,  p.  253-273,  illus. 
1928. 

Small  grain  tests.  R.  P.  Bledsoe.  Ga.  Sta. 

Bui.  149,  35  p.  1928. 

Spring  grains  in  New  Jersey.  H.  B.  Sprague 
and  E.  E.  Evaul.  N.  J.  Stas.  Bui.  473, 
40  p.,  illus.  1928. 

Grain  and  sweet  sorghums  in  Oklahoma. 
A.  Daane  and  K.  H.  Klages.  Okla.  Sta. 
Bill.  180,  19  p.,  illus.  1928. 

Tests  of  small  spring  grains;  C.  F.  Noll 
and  C.  J.  Irvin.  Pa.  Sta.  Bui.  234,  12  p., 
illus.  1928. 

Grain  crops  in  western  Washington.  M.  E. 
McCollam.  West.  Wash.  Sta.  Bui.  11-W, 
19  p.,  illus.  1929. 

Absorption  of  moisture  by  stored  grain  in 
the  arid  Soui-hwest.  S.  P.  Clark.  Ariz. 
Sta.  Timely  Hints  for  Farmers  159,  8  p., 
illus.  1928. 

The  mineral  content  of  grains.  J.  E. 
Greaves  and  C.  T.  Hirst.  Utah  Sta.  Bui. 
210,  38  p.  1929. 

Field  crops  for  pump  irrigation  at  Harney 
Branch  Experiment  Station,  1920  to  1927. 
O.  Shattuck  and  R.  E.  Hutchison.  Oreg. 
Sta.  Bui.  236,  30  p.,  illus.  1928. 
Influence  of  crop  rotation  and  soil  treat¬ 
ments  upon  the  yield  of  crops  on  Cecil 
clay  loam  soil.  C.  B.  Williams,  S.  K. 
Jackson,  and  F.  T.  Meacham.  N.  C.  Sta. 
Bui.  256,  12  p.  1928. 

Crop  rotations  for  West  Virginia.  D.  R. 
Dodd,  R.  J.  Garber,  and  T.  E.  Odland. 
W.  Va.  Sta.  Circ.  50,  23  p.,  illus.  1928. 

WEEDS 

Akenes  of  some  compositae.  A.  M.  Blake. 
N.  Dak.  Sta.  Bui.  218,  19  p.,  illus. 

1928. 

Sulphuric  acid  spray,  a  practical  means 
for  the  control  of  weeds.  J.  G.  Brown 
and  R.  B.  Streets.  Ariz.  Sta.  Bui.  128, 
p.  299-316,  illus.  1928. 

HORTICULTURE 

FRUITS  AND  MELONS 

A  study  of  the  effect  of  commercial  fer¬ 
tilizers  on  the  performance  of  apple  trees. 
J.  R.  Cooper.  Ark.  Sta.  Bui.  227,  61  p., 
illus.  1928. 

Effect  of  acid  wash  on  the  keeping  qualities 
of  apples ;  a  practical  homemade  apple- 
washing  machine.  F.  M.  Green.  Colo. 
^  Sta.  Bui.  343,  18  p.,  illus.  1928. 

Native  crabs,  their  behavior  in  breeding. 
C.  S.  Crandall.  Ill.  Sta.  Bui.  311,  p. 
53.3-560.  1928. 

Apple  breeding :  A  study  of  Jonathan 
crosses.  H.  L.  Lantz.  Iowa  Sta,  Res. 
Bui.  116,  p.  121-160,  illus.  1928. 
Pollination  of  orchard  fruits  in  Michigan. 
R.  E.  Marshall.  S.  Johnston,  H.  D.  Hoot- 
man.  and  H.  M.  Wells.  Mich.  Sta.  Spec. 
Bui.  188,  38  p.,  illus.  1929. 

Regional  and  seasonal  distribution  of  mois¬ 
ture,  carbohydrates,  nitrogen,  and  ash  in 
2-3  year  portions  of  apple  twigs.  H.  P, 
Traub.  Minn.  Sta.  Tech.  Bui.  53,  67  p., 
illus.  1927. 

Nitrogen  and  carbohydrate  distribution  in 
organs  of  bearing  apple  spurs.  A.  E. 
Murneek.  Mo.  Sta.  Res.  Bui.  119,  50  p., 
illus.  1928. 

1929  spraying  and  dusting  recommenda¬ 
tions  for  apples.  N.  J.  Stas.  Circ.  213, 
4  p.  1928. 


The  effect  of  freezing  on  the  catalase 
activity  of  apple  fruits.  D.  B.  Carrick, 
N.  Y.  Cornell  Sta.  Mem.  122,  18  p.,  illus. 
1929. 

The  removal  of  spray  residue  from  apples 
and  pears.  H.  Hartman,  R.  H.  Robinson, 
and  S.  M.  Zeller.  Oreg.  Sta.  Bui.  234, 
38  p.,  illus.  1928. 

Training  and  pruning  apple  trees.  F.  N. 
Fagan  and  R.  D.  Anthony.  Pa.  Sta.  Bui. 
224,  27  p.,  illus.  1928. 

The  removal  of  spray  residue  from  apples 
and  pears  in  Washington  State.  J.  R. 
Alagnoss  et  al.  Wash.  Col.  Sta.  Pop.  Bui. 
142,  29  p.,  illus.  1928. 

Arsenical  spray  residue  and  its  removal 
from  apples  and  pears.  F.  D.  Heald 
et  al.  Wach.  Col.  Sta.  Bui.  226,  100  p., 
illus.  1928. 

The  effect  of  height  of  head  on  young  apple 
tree  growth  and  yield  (a  preliminary 
report).  H.  L.  Crane.  W.  Va.  Sta.  Bui. 
214,  19  p.,  illus.  1928. 

Cherry  poilination  studies.  .1,  S.  Shoe¬ 
maker.  Ohio  Sta.  Bui.  422,  34  p.,  illus. 
1928. 

Peach  pruning.  F.  P.  Cullinan.  Ind.  Sta. 

Bui.  326,  32  p.,  illus.  1928. 

Peach  pruning  in  Maryland.  A.  L.  Schra¬ 
der  and  E.  C.  Auchter.  Md.  Sta.  Bui. 
299,  36  p..  illus.  1928. 

Size  of  peaches  and  size  of  crop.  V,  R. 
Gardner,  R.  E.  Marshall,  and  H.  D. 
Hootman.  Mich.  Sta.  Spec.  Bui.  184,  27 
p.,  illus.  1928. 

A  standard  for  estimating  the  twig  growth 
of  one-year-old  peach  trees.  M.  A.  Blake 
and  G.  W.  Hervey.  N.  J.  Stas.  Bui.  475, 
24  p.,  illus.  1928. 

Approved  and  suggested  practices  in  peach 
production  and  marketing  for  New  Jer¬ 
sey.  N.  J.  Stas.  Bui.  477.  16  p.  1928. 
A  device  for  determining  the  texture  of 
peach  fruits  for  shipping  and  marketing. 

M.  A.  Blake.  N.  J.  Stas.  Circ.  212,  8  p., 
illus.  1929. 

1929  spray  calendar  for  peaches.  N.  J. 

Stas.  Circ.  214,  4  p.,  illus.  1928. 

A  study  of  the  hardiness  of  the  fruit  buds 
of  the  peach.  H.  E.  Knowlton  and  M.  J. 
Dorsey.  W.  Va.  Sta.  Bui.  211,  28  p., 
illus.  1927. 

1929  spray  calendar  for  pears.  N.  J.  Stas. 

Circi  215,  3  p.  1928. 

Pollination  study  of  the  Anjou  pear  in 
Hood  River  Valley.  '  G.  G.  Brown  and 
L.  Childs.  Oreg.  Sta.  Bui.  239,  15  p., 
illus.  1929. 

Fruit  varieties  in  Ohio. — III,  Damson 
plums.  J.  S.  Shoemaker.  Ohio  Sta. 
Bui.  426,  22  p.,  illus.  1928. 

Growing  satsuma  oranges  in  south  Missis¬ 
sippi.  W.  S.  Anderson.  Miss.  Sta.  Bui. 
265.  15  p.,  illus.  1928. 

Spraying  fruit  plants.  W.  F.  Pickett  and 
W.  R.  Martin,  jr,  Kans.  Sta.  Circ.  145, 
32  p.,  illus.  1929. 

Spraying  tree  fruits.  C.  C.  Wiggans  and 
E.  H.  Hoppert.  Nebr.  Sta.  Circ.  36,  28 
p..  illus.  1928. 

Propagation  of  fruit  trees.  C.  L.  Vincent 
and  W.  A.  Luce.  Wash.  Col.  Sta.  Pop. 
Bui.  141,  46  p.,  illus.  1928. 

Orchard  spraying  in  West  Virginia.  E.  C. 
Sherwood  and  L.  M.  Peairs.  W.  Va.  Sta. 
Circ.  54,  31  p.  1929. 

Blueberry  growing,  a  new  industry  in 
Washington.  D.  J.  Crowley.  Wash.  Col. 
Sta.  Pop.  Bui.  144,  11  p.,  illus.  1928. 
Cranberry  growing  in  Washington.  D.  J. 
Crowley.  Wash.  Col.  Sta.  Bui.  230.  47 
p.,  illus.  1929. 

Red  currants  and  gooseberries.  G.  L.  Slat('. 

N.  Y.  State  Sta.  Circ.  112,  11  p.  1929. 
A  comparison  of  four  systems  of  pruning 

grapes.  D.  Faurot  and  T.  J.  Talbert. 
Mo.  Sta.  Res.  Bui.  121,  35  p.,  illus.  1928. 
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Vinifera  or  European  grapes  in  New  York. 

K.  Wellington.  N.  Y.  State  Sta.  Circ. 
101,  7  p.  1928. 

Grape  pruning.  F.  E.  Gladwin.  N.  Y. 

State  Sta.  Circ.  101,  17  p.,  illus.  1928. 
Grape  culture  in  New  York.  F.  E.  Glad¬ 
win.  N.  Y.  State  Sta.  Circ.  110,  10  p. 
1929. 

Chemical  studies  of  grape  pigments. — II, 
The  anthocyans  in  Clinton  grapes.  R.  J. 
Anderson  and  F.  P.  Nabenhauer.  Ill, 
The  anthocyans  in  Seibel  grapes.  R.  J. 
Anderson.  N.  Y.  State  Sta.  Tech.  Bui. 
146,  21  p.  1928. 

The  significance  of  soil  variation  in  rasp¬ 
berry  culture.  M.  B.  Hoffman  and  G.  R. 
Schluhatis.  Mich.  Sta.  Spec.  Bui.  177, 
20  p.,  illus.  1928. 

The  relation  of  season  of  pruning  out  old 
Cuthbert  raspberry  canes  to  amount  of 
winter  injury.  H.  D.  Locklin.  West. 
Wash.  Sta.  Bui.  9-W,  12  p.  1928. 
Straw'berry  club  manual.  A.  S.  Colbv.  Ill. 

Sta.  Circ.  3.39.  32  p.,  illus.  1929. 
Strawberry  growing  in  Michigan.  R.  E. 
Force.  Mich.  Sta.  Spec.  Bui.  182,  29  p., 
Illus.  1928. 

Changes  in  composition  during  ripening  and 
storage  of  melons.  ,T.  T.  Rosa.  Hilgar- 
dia  [Calif.  Sta.j,  vol.  3,  no.  15,  p.  421- 
443.  illus.  1928. 

-Artificial  ripening  of  fruits  and  vegetables. 
R.  B.  Harvey.  Minn.  Sta.  Bui.  247,  36  p., 
illus.  1928. 

Fruits  recommended  for  New  York.  N.  Y. 

State  Sta.  Circ.  103.  8  p.  1928. 

Fruit  regions  and  varieties  of  eastern  New 
York.  H.  B.  Tukey.  N.  Y.  State  Sta. 
Bui.  563.  82  p.,  illus.  1929. 


VEGETABLES 

Nitrate  assimilation  by  asparagus  in  the 
absence  of  light.  G.  T.  Nightingale  and 

L.  G.  Schermorhorn.  N.  J.  Stas.  Bui. 
476.  24  p.  1928. 

The  effect  of  so  lium  chloride  and  carbonate 
on  the  growth  of  asparagus.  B.  L.  Hart¬ 
well,  .1.  B.  Smith,  and  S.  C.  Damon. 
R.  I.  Sta.  Bui.  213,  16  p..  illus.  1928. 
Two  new  varieties  of  red  kidney  bean  ;  Ge¬ 
neva  and  York.  W.  O.  Glover.  N.  T. 
State  Sta.  Tech.  Bui.  145,  51  p.,  illus. 
1928. 

Fertilizers  for  early  cabbage,  tomatoes, 
cucumbers,  and  sweet  corn.  D.  Comin 
and  J.  Bushnell.  Ohio  Sta.  Bui.  420, 
42  p.,  illus.  1928. 

The  culture  of  onions  in  Indiana.  H.  D. 
Browm.  Ind.  Sta.  Circ.  158,  36  p.,  illus. 
1928. 

Pimiento  peppers.  J.  G.  Woodroof  and 
J.  E.  Bailev.  Ga.  Sta.  Bui.  150,  31  p., 
illus.  1929. 

Inheritance  of  kernel  arrangement  in 
sweet  corn.  W.  A.  Huelsen  and  M.  C. 
Gillis.  Ill.  Sta.  Bui.  320,  p.  301-336, 
illus.  1929. 

Sweoff  corn  seed  studies.  A.  T.  Erwin  and 
E.  S.  Haber.  Iowa  Sta.  Bui.  250,  p.  249- 
279,  illus.  1928. 

Tomato  quality  as  influenced  by  the  rela¬ 
tive  amount  of  outer  and  inner  wall 
region.  J.  H.  MacGillivray  and  O.  W. 
Ford.  Ind.  Sta.  Bui.  327,  28  p.,  illus. 
1928. 

The  growth  status  of  the  tomato  as  cor¬ 
related  with  organic  nitrogen  and  carbo¬ 
hydrates  in  roots,  stems,  and  leaves. 
G.  T.  Nightingale,  L.  G.  Schermerhorn, 
and  W.  R.  Robbins.  N.  J.  Stas.  Bui.  461, 
38  p.,  illus.  1928. 

Tomato  fertilizer  experiments  in  Chau- 
taunua  Countv.  New  York.  P.  Work. 
N.  Y.  Cornell  Sta.  Bui.  467,  24  p.,  illus. 
1928. 


Pollination  of  greenhouse  tomatoes.  H.  W. 
Schneck.  N.  Y.  Cornell  Sta.  Bui.  470, 
60  p.,  illus.  1928. 

Experiments  in  tomato  production.  W'  B 
Mack.  Pa.  Sta.  Bui.  227,  27  p.,  illus. 
1928. 

Vegetable  gardening  in  Alaska.  C.  C. 
Georgeson.  Alaska  Stas.  Bui.  7,  32  p.. 
illus.  1928. 

Fertilizer  experiments  with  truck  crops  in 
southern  Illinois.  J.  W.  Lloyd.  Ill. 
Sta.  Bui.  319,  p.  284-298,  illus.  1929. 
The  home  vegetable  garden.  B.  S.  Haber. 

lowm  Sta.  Circ.  115,  24  p.,  illus.  1929. 
The  quality  of  packet  vegetable  seed  on 
sale  in  New  York  in  1926,  1927,  and 
1928.  M.  T.  Munn.  O.  M.  Hoefle,  and 

M.  E.  Woodbridge.  N.  Y.  State  Sta.  Bui. 
565,  47  p.  1929. 

ORNAMENTALS 

Bulb  growing  in  Alaska.  C.  C.  Georgeson. 

Alaska  Stas.  Circ.  2,  11  p.,  illus.  1928. 
Chrysanthemum  breeding.  E.  D.  Smith 
and  A.  Laurie.  Mich.  Sta.  Spec.  Bui. 
186,  30  p.,  illus.  1928. 

Some  phases  of  nitrogen  metabolism  in 
Polyanthus  narcissus.  G.  T.  Nightingale 
and  W.  R.  Robbins.  N.  J.  Stas.  Bui.  472, 

•  32  p.,  illus.  1928. 

Hyacinths,  for  garden  and  home.  H.  M. 
Biekart.  N.  J.  Stas.  Circ.  203,  23  p., 

illus.  1928. 

Narcissus  for  garden  and  home.  H.  M. 
Biekart,  N.  J.  Stas.  Circ.  204,  26  p., 
illus.  1928. 

Rhododendrons  and  their  kin.  C.  H.  Con¬ 
nors.  N.  J.  Stas.  Circ.  210,  15  p.,  illus. 
1928. 

Plants  in  the  home.  A.  F.  Yeager.  N.  Dak. 
Sta.  Bui.  224,  32  p.,  illus.  1928. 

NUTS 

Almonds.  A.  B.  Fite.  N.  Mex.  Sta.  Bui. 

171,  7  p..  illus.  1929. 

Unfruitfulness  of  the  pecan.  J.  G.  Wood- 
roof,  N.  C.  Woodroof,  and  .T.  E.  Bailey. 
Ga.  Sta.  Bui.  148,  40  p.,  illus.  1928. 
English  walnut  production  in  Oregon.  C.  B. 
Schuster.  Oreg.  Sta.  Circ.  91,  48  p.,  illus. 
1928. 

MISCELLANEOUS 

Hotbeds  and  coldframes.  A.  B.  Fite  and 
J.  W.  Rigney.  N.  Mex.  Sta.  Bui.  170, 
12  p.,  illus.  1928. 

Effect  of  topping  on  yield  of  coffee  in  Porto 
Rico.  T.  B.  McClelland.  Porto  Rico 
Sta.  Bui.  32,  8  p.,  illus.  1928. 

The  rural  cemetery.  C.  P.  Halligan  and 
H.  K.  Menbinick.  Mich.  Sta.  Spec.  Bui. 
175,  36  p.,  illus.  1928. 

FORESTRY 

Yield,  stand  and  volume  tables  for  red  fir 
in  California.  F.  X.  Schumacher.  Calif. 
Sta.  Bui.  456,  29  p.,  illus.  1928. 

Forest  insurance  and  its  application  in 
Michigan.  P.  A.  Herbert.  Mich.  Sta. 
Spec.  Bui.  179.  34  p.  1928. 

Length  of  tracheids  in  jack  pine  in  relation 
to  their  position  in  the  vertical  and  hori¬ 
zontal  axes  of  the  tree.  D.  A.  Kribs. 
Minn.  Sta.  Tech.  Bui.  54,  14  p.,  illus. 
1928. 

Studies  in  tolerance  of  New  England  forest 
trees. — VIII,  Effect  of  spacing  in  a  jack 
pine  plantation.  W.  R.  Adams,  jr.  Vt. 
Sta.  Bui.  282.  55  p.,  illus.  1928. 

Trees  for  Washington  farms,  why,  where, 
what,  when,  and  how  to  plant.  E.  H. 
Steffen  and  C.  M.  Genaux.  Wash.  Col. 
Sta.  Pop.  Bui.  143,  47  p.,  illus.  1928. 
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The  farm  timberlot.  F.  G.  Wilson.  Wis. 

Sta.  Bui.  407,  31  p..  illus.  1929. 

How  fast  do  northern  hardwoods  grow? 
It.  Zon  and  H.  F.  Scholz.  Wis.  Sta.  Res. 
Bui.  88.  34  p.,  illus.  1929. 

Results  with  tree  planting  at  the  Sheridan 
field  station.  R.  S.  Towle.  Wyo.  Sta. 
Bui.  163,  p.  79-92,  illus.  1929. 

PLANT  DISEASES 

FIELD  CROPS 

Vascular  structure  and  plugging  of  alfalfa 
roots.  E.  L.  LeClerg  and  L.  W.  Bur¬ 
rell.  Colo.  Sta.  Bui.  339,  19  p.,  illus. 

1928. 

The  relation  of  Bacterium  vignae  to  the 
tissues  of  lima  bean.  W.  S.  Beach.  Pa. 
Sta.  Bui.  226,  15  p.,  illus.  1928. 

The  control  of  cereal  smuts  by  seed  treat¬ 
ment.  F.  D.  Fromme.  Ya.  Sta.  Bui. 
262,  16  p.,  illus.  1928. 

Corn  seed  treatment  experiments.  H.  H. 
Wedgworth  et  al.  Miss.  Sta.  Circ.  81, 
3  p.,  illus.  1928. 

Cotton  wilt  studies. — 1,  Relation  of  soil 
temperature  to  the  development  of  cot¬ 
ton  wilt.  V.  H.  Young.  Ark.  Sta.  Bui. 
226,  50  p.,  illus.  1928. 

Cotton  wilt  studies. — II,  Preliminary 

studies  on  wilt  resistance  and  on  the 
effect  of  certain  soil  factors  on  the  de¬ 
velopment  of  cotton  wilt.  V.  II.  Young, 
J.  O.  Ware,  and ’G.  Janssen.  Ark.  Sta. 
Bui.  234,  32  p.,  illus.  1929. 

Soil  temperature  studies  with  cotton. — III, 
Relation  of  soil  temperature  and  soil 
moisture  to  the  soreshin  disease  of  cot¬ 
ton.  M.  N.  Walker.  Fla.  Sta.  Bui.  197, 
p.  343-371,  illus.  1928. 

Cotton  diseases  in  Mississippi  and  their 
control.  D.  C.  Neal.  Miss.  Sta.  Bui. 
248,  30  p.,  illus.  1928. 

Cotton  wilt,  a  pathological  and  physiologi¬ 
cal  investigation.  D.  C.  Neal.  Miss. 
Sta.  Tech.  Bui.  16,  87  p.,  illus.  1928. 
Cotton  diseases  of  special  importance  in 
Tennessee,  and  their  control.  C.  D. 
Sherbakoff.  Tenn.  Sta.  Circ.  24,  2  p. 

1929. 

The  influence  of  moisture  and  temperature 
on  cotton  root  rot.  J.  J.  Taubenhaus  and 
B.  F.  Dana.  Tex.  Sta.  Bui.  386,  23  p., 
illus.  1928. 

Relation  of  cotton  root  rot  and  Fusarium 
wilt  to  the  acidity  and  alkalinity  of  the 
soil.  J.  J.  Taubenhaus,  W.  N. '  Ezekiel, 
and  D.  T.  Killough.  Tex.  Sta.  Bui.  389, 
19  p.,  illus.  1928. 

Seed  treatment  for  black-leg  disease  of 
crucifers.  E.  E.  Clayton.  N.  Y.  State 
Sta.  Tech.  Bui.  137,  58  p.,  illus.  1928. 

A  Fusarium  wilt  of  peas  in  Wisconsin.  M. 
B.  Linford.  Wis.  Sta.  Res.  Bui.  85,  44 
p.,  illus.  1928. 

Potato  experiments  for  the  control  of 
Rhizoctonia  scab,  and  blackleg,  1922  to 

1927.  R.  P.  White.  Kans.  Sta.  Tech. 
Bui.  24,  37  p  1928. 

Degeneration  diseases  of  the  Irish  potato 
in  Mississippi.  H.  H.  Wedgworth.  Miss. 
Sta.  Bui.  258,  11  p.,  illus.  1928. 

Potato  seed  treatment  experiments  on  Long 
Island  with  special  reference  to  the 
organic  mercury  instant  dips.  E.  E. 
Clayton.  N.  Y.  State  Sta.  Bui.  564,  32 
p.,  illus.  1929. 

Ohio  potato  diseases.  P.  E.  Tilford.  Ohio 
Sta.  Bui.  432,  38  p.,  illus.  1929. 
Net-necrosis  of  Irish  potato  tubers.  A.  H. 
Gilbert.  Vt.  Sta,  Bui.  289,  36  p.,  illus. 

1928. 

The  classification  of  certain  virus  diseases 
of  the  potato.  J.  Johnson.  Wis.  Sta. 
Res.  Bui.  87,  24  p.,  illus.  1929. 

Some  host  plants  of  curly  top.  H.  H.  P. 
P.  Severin.  Hilgardia  [Calif.  Sta.],  vol. 
[Calif.  Sta.l,  vo'l.  3,  no.  13,  p,  339-392, 
illus.  1928. 


Additional  host  plants  of  curly  top.  H.  H. 
P.  Severin.  Hilgardia  [Calif.  Sta.],  vol. 
3,  no.  20,  p.  595-636,  illus.  1929. 

Curly  top  symptoms  on  the  sugar  beet, 
H.  H.  P.  Severin.  Calif.  Sta.  Bui.  465, 
35  p.,  illus.  1929. 

Sclerotinia  wilt  of  sunflowers.  P.  A.  Young 
and  H.  E.  Morris.  Mont.  Sta.  Bui.  208, 
32  p.,  iLus.  1927. 

Observations  and  experiments  on  the  con¬ 
trol  of  true  tobacco  mosaic.  W.  D. 
Valleau  and  E.  M.  Johnson.  Ky.  Sta. 
Bui.  280,  p.  145-174,  illus.  1927. 
Tobacco  trenching — A  nitrogen  deficiency 
disease.  W.  D.  Valleau  and  E.  M.  John¬ 
son.  Ky.  Sta.  Bui.  281,  p.  175-253, 
illus.  1927. 

Effect  of  the  mosaic  disease  on  yield  and 
quality  of  tobacco,  with  suggestions  for 
control.  J.  E.  McMurtrey,  jr.  Md.  Sta. 
Bui.  302,  p.  147-158,  illus.  1928. 

A  study  of  Sclerospora  graminicola  (Sacc.) 
Schroet.  on  Set  aria  viridis  (L.)  Beauv. 
and  Zea  mays  L.  I.  E.  Meihus,  F.  H. 
Van  Haltern,  and  D.  E.  Bliss.  Iowa  Sta. 
Res.  Bui.  Ill,  p.  293-340,  illus.  1928. 


FRUITS 

Physiological  dropping  of  fruits. — II,  In 
regard  to  genetic  relationship  of  plants. 

L.  R.  Detjen  and  G.  F.  Gray.  Del.  Sta, 
Bui.  157.  38  p.,  illus.  1928. 

Soggy  breakdown  of  apples  and  its  control 
by  storage  tehiperature.  H.  H.  Plagge 
and  T.  J.  Maney.  Iowa  Sta.  Res.  Bui. 
115,  p.  57-118,  illus,  1928. 

Apple  spraying  experiments  in  1926  and 

1927.  D.  Folsom  and  T.  T.  Ayers.  Me. 
Sta.  Bui.  348,  p.  145-176,  illus.  1928. 

Spray  solutions  and  the  control  of  apple 
scab.  O.  R.  Butler  and  W.  L.  Doran. 
N.  H.  Sta.  Tech.  Bui.  36,  15  p.,  illus. 

1928. 

Three  rust  diseases  of  the  apple.  H.  E. 
Thomas  and  W.  D.  Mills.  N.  Y.  Cornell 
Sta.  Mem.  123,  21  p.,  illus.  1929. 

The  relationship  between  Bacillus  amylo- 
vorus  and  leaf  tissues  of  the  apple.  J. 

M.  Haber.  Pa.  Sta.  Bui.  228,  15  p.,  illus. 
1928. 

Calcium  sulphide  for  the  control  of  apple 
and  peach  diseases,  R.  H.  Hurt  and 
F.  J.  Schneiderhan.  Va.  Sta.  Tech.  Bui. 
36,  15  p.,  illus.  1929.  - 
Defoliation  of  cherry  trees  in  relation  to 
winter  injury.  W.  O.  Gloyer  and  H. 
Glasgow.  N.  Y.  State  Sta.  Bui.  555,  27 
p.,  illus.  1928. 

Citrus  chlorosis  as  affected  by  irrigation 
and  fertilizer  treatments.  P.  S.  Burgess 
and  G.  G.  Pohlman.  Ariz.  Sta.  Bui.  124, 
p.  182-232,  illus.  1928. 

Coconut  bud  rot  in  Florida.  J.  L.  Seal. 

Fla.  Sta.  Bui.  199,  87  p.,  illus.  1928. 
Downy  and  powdery  mildews  of  the  grape 
and  their  control.  F.  E.  Gladwin.  N.  Y. 
State  Sta.  Bui.  560.  14  p.,  illus.  1928. 
Studies  on  the  overwintering  and  modes  of 
infection  of  the  fire  blight  organism.  E. 
C.  Tullis.  Mich.  Sta.  Tech.  Bui.  97,  32  p., 
illus.  1929. 

Michigan  raspberry  diseases.  C.  W.  Ben¬ 
nett.  Mich.  Sta.  Spec.  Bui.  178,  52  p., 
illus.  1928. 

Infection  studies  with  watermelon  wilt 
caused  by  Fusarium  niveum  EFS.  D.  R. 
Porter.  Iowa  Sta.  Res.  Bui.  112,  p.  345- 
368,  illus.  1928. 


VEGETABLES 

Spraying  experiments  with  bush  lima  beans. 
E.  E.  Clayton.  N.  Y.  State  Sta.  Bui. 
558,  22  p.,  illus.  1928. 

Blight  and  lenf-spot  of  carrot  in  Massa¬ 
chusetts.  W.  L.  Doran  and  E.  F.  Cuba. 
Mass.  Sta.  Bui.  245,  p.  269-278.  1928. 
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Yellows  disease  of  celery,  lettuce,  and  other 
plants,  transmitted  by  Cicadula  sexnotata 
(Fall.).  H.  H.  P.  Severin.  Hilgardia 
[Calif.  Sta.],  vol.  3,  no.  18,  p.  543-582, 
illus.  1929. 

The  nematode  disease  of  sweet  potatoes, 
R.  F.  Poole  and  R.  Schmidt.  N.  C.  Sta. 
Bui.  265,  16  p.,  illus.  1929. 

A  chemical  control  for  sweet  potato  wilt 
or  stem  rot.  R.  F.  Poole  and  J.  W. 
Woodside.  N.  C.  Sta.  Tech.  Bui.  35,  18 
p.,  illus.  1929. 

Tomato  wilt  disease.  R.  P.  White.  Kans. 
Sta.  Circ.  140.  5  p.,  illus.  1928. 

Tomato  leaf-mold,  the  use  of  fungicides  for 
its  control  in  greenhouses.  E.  F.  Guba. 
Mass.  Sta.  Bui.  248,  24  p.,  illus.  1929. 

MISCELLANEOUS 

The  willow  scab  fungus,  Fusicladium  sail- 
cipcrdum.  G.  P.  Clinton  and  F.  A.  Mc¬ 
Cormick.  Conn.  State  Sta.  Bui.  302,  p. 
441-469.  illus.  1929. 

Idaho  recommendation  chart  for  plant  dis¬ 
ease  and  insect  control.  C.  Wakeland 
and  C.  W.  Hungerford.  Idaho  Sta.  Bui. 
159,  55  p.,  illus.  1928. 

Progress  report  of  investigations  on  dis¬ 
eases  of  vegetable  and  ornamental  plants. 
H.  H.  Wedgworth.  Miss.  Sta.  Bui.  261, 
21  p.,  illus.  1929. 

Experiments  on  the  control  of  a  narcissus 
root-rot.  H.  H.  Wedgworth.  Miss.  Sta. 
Circ.  79,  4  p.,  illus.  1928. 

ENTOMOLOGY 

INSECTS  AFFECTING  FIELD  CEOPS 

The  Mexican  bean  beetle  and  how  to  control 
it.  C.  C.  Hamilton.  N.  J.  Stas.  Circ. 
216,  16  p.,  illus.  1929. 

The  beet  leafhopper  in  Utah,  a  study  of  its 
distribution  and  the  occurrence  of  curly- 
top.  G.  F.  Knowlton.  Utah  Sta.  Bui. 
205,  23  p.,  illus.  1928. 

The  southern  corn  rootworm.  D,  Isely. 
Ark.  Sta.  Bui.  232,  31  p.,  illus.  1929. 

Developments  in  the  corn-borer  battle  :  The 
corn-borer  advance  in  1928.  W.  P.  Flint, 
G.  H.  Dungan,  and  A.  L.  Young,  Ill.  Sta. 
Circ.  334,  2  p.,  illus.  1929. 

Life  history,  habits,  and  control  of  the  Euro¬ 
pean  corn  borer  in  Erie  and  Chautauqua 
Counties.  G.  E.  R.  Hervey.  N.  Y.  State 
Sta.  Circ.  107,  11  p.,  illus.  1928. 

The  European  corn  borer  and  its  environ¬ 
ment.  L.  L.  Huber,  C.  R.  Neiswander, 
and  R.  M.  Salter.  Ohio  Sta.  Bui.  429, 
196  p.,  illus.  1928. 

Dusting  cotton  with  calcium  arsenate  for 
boll  weevil  control  (second  progress  re¬ 
port).  .T.  M.  Robinson  and  F.  S.  Arant. 
Ala.  Sta.  Circ.  53,  15  p.,  illus.  1929. 

Cotton  flea  hopper  studies  of  1927  and  1928. 
C.  O.  Eddy.  S.  C.  Sta.  Bui.  251,  18  p., 
illus.  1928. 

The  maize  billbug  in  South  Carolina.  0.  L. 
Cartwright.  S.  C.  Sta.  Bui.  257,  35  p., 
illus.  1929. 

The  mint  flea  beetle  (Longitarsus  loater- 
housei  Kutsch),  its  habits  and  measures 
for  its  control.  L.  G.  Gentner.  Mich. 
Sta.  Circ.  125,  4  p.  1929. 

The  potato  flea  beetle.  ,T.  L.  Hoerner  and 
C.  P.  Gillette.  Colo.  Sta.  Bui.  337,  20  p., 
illus.  1928. 

The  foxglove  aphid  on  potato  and  other 
plants.  E.  M.  Patch.  Me.  Sta.  Bui.  346, 
p.  49-60.  illus.  1928. 

Dusting  and  spraying  experiments  with  po¬ 
tatoes  on  Long  Island  in  1928.  H.  C. 
Huckett.  N.  Y.  State  Sta.  Circ.  108, 
12  p.,  illus.  1928. 

The  wheat  jointworm  in  Oregon.  T.  R. 
Chamberlin.  Oreg.  Sta.  Circ.  86,  7  p., 
illus.  1928. 


Life  history  and  control  of  the  pale-striped 
and  handed  flea  beetles.  G.  W.  Under¬ 
hill.  Va.  Sta.  Bui.  264,  20  p.,  illus.  1928. 

INSECTS  AFFECTING  FRUITS  AND 
VEGETABLES 

Control  studies  on  the  plum  curculio  in 
Connecticut  apple  orchards.  P.  Garman 
and  M.  P.  Zappe.  Conn.  State  Sta.  Bui.  ! 
301,  p.  371-437,  illus.  1929. 

The  plum  curculio  in  apples  in  Massachu¬ 
setts.  W.  D.  Whitcomb.  Mass.  Sta,  Bui.  1 
249,  p.  25-52,  illus.  1929.  ; 

Studies  of  combined  sprays  for  destroying  j 

the  overwintering  eggs  of  the  European  | 

red  mite  and  apple  aphids  at  the  delayed  | 

dormant  period  of  the  apple  tree.  T.  .J.  ; 

Headlee  and  J.  M.  Ginsburg.  N.  J.  Stas. 
Bui.  469,  15  p.  1929.  •’ 

The  giant  apple  root  borer.  R.  F.  Craw¬ 
ford  and  J.  E.  Eyer.  N.  Mex.  Sta.  Bui. 

168,  8  p.,  illus.  1928. 

Cape  Cod  cranberry  insects.  H.  J.  Frank¬ 
lin.  Mass.  Sta.  Bui.  239,  67  p.,  illus. 
1928. 

Lead  arsenate  studies  on  cranberry  bogs  in 
New  Jersey.  B.  F.  Driggers.  N.  J.  Stas.  : 

Bui.  480,  36  p.  1929. 

The  larval  parasites  of  the  oriental  peach 
moth  {Laspeyresia  molesta  Busck)  with 
special  reference  to  the  biology  of  Mac- 
rocentrus  ancylivora  Rohwer.  L.  A. 
Stearns.  N.  J.  Stas)  Bui.  460,  24  p., 
illus.  1928. 

The  oriental  peach  moth  in  New  York.  D. 

M.  Daniel.  N.  Y.  State  Sta.  Circ.  106, 

8  p.,  illus.  1928. 

The  dormant  oil  spray  and  the  pear  spray 
schedule.  F.  Z.  Hartzell  and  F.  L.  Gam- 
brell.  N.  Y.  State  Sta.  Circ.  102,  4  p. 
1928. 

Controlling  the  insect  pests  of  strawber¬ 
ries.  L.  Haseman.  Mo.  Sta.  Circ.  168, 

12  p..  illus.  1928. 

The  Asiatic  beetle  in  Connecticut.  R.  B. 
Friend.  Conn.  State  Sta.  Bui.  304,  p, 
581-664,  illus.  1929. 

.  Oriental  fruit  moth  invades  Illinois.  W.  P. 
Flint  and  S.  C.  Chandler.  Ill,  Sta.  Circ. 
338,  7  p.,  illus.  1929. 

The  codling  moth  in  Indiana.  B.  A.  Por¬ 
ter  and  L.  F.  Steiner.  Ind.  Sta.  Circ. 
151,  28  p..  illus.  1928. 

The  bud  moth.  P.  J.  Parrott  and  S.  W. 
Harman.  N.  Y”.  State  Sta,  Circ.  109,  10 
p.,  illus.  1929. 

The  fruit  tree  leaf  roller  in  western  New 
York.  S.  W.  Harman.  N.  Y.  State  Sta. 
Bui.  561,  31  p.,  illus.  1928. 

The  fruit  tree  leaf  roller  in  western  New 
York.  S.  W.  I-Iarman.  N.  Y.  State  Sta. 
Circ.  Ill,  11  p.,  illus.  1929. 

Treehopper  injury  in  Utah  orchards.  C.  J. 
Sorenson.  Utah  Sta.  Bui.  206,  18  p  , 
illus.  1928. 

Life  history  of  the  codling  moth  in  Vir¬ 
ginia.  W.  J.  Schoene  et  al.  Va.  Sta. 

Bui.  261,  56  p.,  illus.  1928. 

Spraying  experiments  for  codling  moth 
control.  A.  Spuler.  Wash.  Col.  Sta. 

Bui.  232.  70  p.,  illus.  1929. 

Control  of  red  spider  and  powdery  mildew 
on  greenhouse  cucumbers.  W.  D.  Whit¬ 
comb  and  E.  F.  Guba.  Mass.  Sta.  Bui. 

246,  p.  279-294,  illus.  1928. 

Cucumber  beetles.  H.  C.  Huckett.  N.  Y. 
State  Sta.  Circ.  113,  8  p.,  illus.  1929, 

INSECTS  AFFECTING  MAN  AND  DOMES'ITC 
ANIMALS 

The  insects  and  mites  injurious  to  poultry 
in  Nebraska  and  their  control.  M.  H. 
Swenk  and  F.  E.  Mussehl.  Nebr.  Sta. 
Circ.  37,  31  p.,  illus.  1928. 
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Lice,  mites,  and  other  pests.  P.  R. 
Beaudette.  N.  J.  Stas.  Hints  to  Poul- 
trymen,  vol.  17,  no.  7,  4  p.  1929. 

The  ox  warble  flies  {Hypoderma  hovis  de 
Geer,  Hypoderma  linedtum  de  Villers). 
D.  C.  Mote.  Ohio  Sta.  Bui.  428,  45  p., 
illus.  1928. 

House  fly  fumigation  experiments  with  cal¬ 
cium  cyanide.  C.  O.  Eddy.  S.  C.  Sta. 
Bui.  256,  48  p.,  illus.  1929. 

MISCELLANEOUS 

Termites  and  termite  damage.  S.  F.  Light. 

Calif.  Sta.  Circ.  314,  29  p.,  illus.  1929. 
Ants  and  their  relation  to  aphids.  C.  R. 

Jones.  Colo.  Sta.  Bui.  341,  96  p.  1929. 
The  sulphide  sulphur  content  as  a  basis 
for  diluting  lime-sulphur  for  spraying. 

G.  M.  List.  Colo.  Sta.  Bui.  352,  14  p. 
1929. 

(‘ockroach  destruction  in  buildings.  B.  B. 
Fulton.  Iowa  Sta.  Circ.  112,  4  p.,  illus. 
1928. 

Insect  investigations.  H.  S.  McConnell  et 
al.  Md.  Sta.  Bui.  298,  p.  179-198. 

1928. 

The  tiger  beetles  of  Minnesota.  R.  W. 
Dawson  and  W.  Horn.  Minn.  Sta.  Tech. 
Bui.  56,  13  p.,  illus.  1928. 

The  Fulgoridae  or  plant-hoppers  of  Missis¬ 
sippi,  including  those  of  possible  occur¬ 
rence,  a  taxonomic,  biological,  ecological, 
and  economic  study.  H.  ,J.  Dozier. 
Miss.  Sta.  Tech.  Bui.  14,  152  p.,  illus. 
1926. 

Phyllophaga  of  Mississippi.  J.  M.  Lang¬ 
ston.  Miss.  Sta.  Tech.  Bui.  15,  103  p., 
illus.  1927. 

Studies  of  arsenical  injuries  and  correc¬ 
tives.  J.  M.  Ginsburg.  N.  J.  Stas.  Bui. 
468.  16  p.,  illus.  1929. 

The  preparation  and  use  of  oil  sprays.  J. 
R.  Ever  and  R.  F.  Crawford.  N.  Mex. 
Sta.  Bui.  172,  20  p.,  illus.  1929. 

The  fumigation  of  greenhouses  to  destroy 
insect  pests.  G.  W.  Herrick  and  G.  H. 
Griswold.  N.  Y.  Cornell  Sta.  Bui.  474, 
20  p.,  illus.  1929. 

A  study  of  the  genus  Eulia  Hubner,  with 
special  reference  to  the  North  American 
species.  S.  W.  Frost.  Pa.  Sta.  Bui.  225, 
24  p.,  illus.  1928. 

The  bagworms  of  Texas.  F.  M.  Jones  and 

H.  B.  Parks.  Tex.  Sta.  Bui.  382,  36  p., 
illus.  1928. 

BEEKEEPING 

A  manual  of  bee  husbandry.  E.  G.  Carr. 

N.  J.  Stas.  Bui.  463,  87  p.,  illus.  1928. 
Chemicals  in  the  apiary,  with  notes  on 
their  use.  R.  Hutson.  N.  J.  Stas.  Circ. 
211,  8  p.  1929. 

Variation  and  correlation  in  the  append¬ 
ages  of  tbe  honeybee.  E.  F.  Phillips.  N. 
Y.  Cornell  Sta.  Mem.  121,  52  p.,  illus. 

1929. 

FOODS  AND  HUMAN  NUTRITION 

The  bakmg  strength  of  Arizona  Early 
Baart  flour.  M.  C.  Smith.  Ariz.  Sta. 
Tech.  Bui.  23,  p.  549-607.  1928. 

The  principles  of  bread-making.  N.  E. 
Goldthwaite.  Colo.  Sta.  Bui.  344,  37  p., 
illus.  1929. 

Making  bread  from  Wyoming  flour.  E.  J. 
McKittrick  and  E.  G.  Grundmeier.  Wyo. 
Sta.  Bui.  162,  p.  55-76,  illus.  1929. 

The  food  consumption  of  rural  school  chil¬ 
dren  in  relation  to  their  health.  E.  S. 
Davies.  Mass.  Sta.  Bui.  241,  p.  97-147, 
illus.  1928. 

Tbe  extraction  of  apple  juices  in  the  manu¬ 
facture  of  jellv.  C.  R.  Fellers.  Mass. 
Sta.  Tech.  Bui.  15,  p.  217-251,  illus. 
1928. 


A  study  of  the  cause  of  honey  fermenta¬ 
tion.  F.  W.  Fabian  and  R.  I.  Quinet. 
Mich.  Sta.  Tech.  Bui.  92,  41  p.,  illus. 
1928. 

A  nutrition  investigation  of  negro  tenants 
in  tbe  Yazoo-Mississippi  Delta.  D. 
Dickins.  Miss.  Sta.  Bui.  254,  52  p.,  illus. 
1928. 

Food  and  health.  D.  Dickins.  Miss.  Sta. 

Bui.  255,  20  p.,  illus.  1928. 

Market  basket  wisdom.  D.  Dickins.  Miss. 

Sta.  Bui.  263,  14  p.  1929. 

The  physical  curd  character  of  milk  and 
its  relationship  to  the  digestibility  and 
food  value  of  milk  for  infants.  R.  L. 
Hill.  Utah  Sta.  Bui.  207,  32  p.,  illus. 
1928. 

ANIMAL  PRODUCTION 


ANIMAL  NUTRITION  AND  FEEDING  STUFFS 

Growth  and  development,  with  special  ref¬ 
erence  to  domestic  animals. — -XI,  Fur¬ 
ther  investigations  on  surface  area  with 
special  reference  to  its  significance  in 
energy  metabolism.  S.  Brody,  J.  E.  Com¬ 
fort,  and  J.  S.  Matthews.  Mo.  Sta.  Res. 
Bui.  115,  60  p.,  illus.  1928. 

Growth  and  development,  with  special  ref¬ 
erence  to  domestic  animals. — XII,  Addi¬ 
tional  illustrations  of  the  influence  of 
food  supply  on  the  velocity  constant 
of  growth  and  on  the  shape  of  the 
growth  curve.  S.  Brody.  Mo.  Sta.  Res. 
Bui.  116.  16  p.,  illus.  1928. 

Anti-rachitic  values  of  cod  liver  oil,  cod 
liver  meal  and  fish  meal.  H.  O.  Stuart. 
N.  H.  Sta.  Circ.  28,  4  p.  1928. 

The  mineral  content  of  feeds,  soils  and 
waters  of  South  Carolina.  J.  H.  Mitchell, 
J.  D.  Warner,  and  K.  S.  Morrow.  S.  C. 
Sta.  Bui.  252,  32  p.  1928. 

Approved  formulas  for  special-purpose  mixed 
feeds.  Tex.  Sta.  Circ.  53.  11  p.  1929. 


BEEF  CATTLE 

Brief  history  of  cattle  breeding  in  Alaska. 
C.  C.  Georgeson.  Alaska  Stas.  Bui.  8, 
23  p.,  illus.  1929. 

Factors  influencing  percentage  calf  crop  in 
range  herds.  G.  H.  Hart  and  H.  R.  Guil- 
bert.  Calif.  Sta.  Bui.  458,  43  p.,  illus. 
1928. 

Study  of  bull  associations  in  Idaho.  H.  A. 
Mathiesen  and  F.  W.  Atkeson.  Idaho  Sta. 
Bui.  161,  62  p.,  illus.  1928. 

Roughages  for  fattening  two-year-old  steers. 
J.  M.  Evvard.  C.  C.  Culbertson,  Q.  W. 
Wallace,  and  W.  E.  Hammond.  Iowa  Sta. 
Bui.  253.  p.  385-422,  illus.  1928. 

Cattle  feeding  investigations,  1926-27.  B. 
M.  Anderson,  C.  W.  McCampbell,  and 
11.  W.  Marston.  Kans.  Sta.  Circ.  143, 
13  p.,  illus.  1928. 

Carcass  comparisons  of  mature  and  imma¬ 
ture  steers.  M.  T.  Foster.  Mo.  Sta.  Res. 
Bui.  117,  28  p.,  illus.  1928. 

Fattening  steers  of  various  ages.  H.  J. 
Gramlich.  Nebr.  Sta.  Bui.  229,  57  p  , 
illus.  1928. 

Beef  cattle  feeding  investigations.  W.  L. 
Blizzard.  Okla.  Sta.  Bui.  179,  8  p.,  illus. 
1928. 

Beef  cattle  feeding  investigations  :  Progress 
report.  W.  L.  Blizzard.  Okla.  Sta.  Bui. 
184,  4  p.,  illus.  1928. 

Changes  in  body  measurements  of  steers 
during  intensive  fattening.  J.  L.  Lush. 
Tex.  Sta.  Bui.  385.  59  p.,  illus.  1928. 
Eff(  ct  of  winter  rations  on  pasture  gains 
of  calves  marketed  as  three-year-old 
steers.  C.  V.  Wilson,  R.  H.  Tuckwiller, 
and  E.  W.  Sheets.  W.  Va.  Sta.  Bui.  218, 
16  p.,  illus.  1928. 
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SHEEP  AND  GOATS 

A  macroscopical  analysis  of  the  fleeces  of 
four  Romney  rams.  J.  F.  Wilson.  Hil- 
gardia  [Calif.  Sta.],  vol.  3,  no.  19,  p. 
583-594,  illus.  1929. 

The  Idaho  wool  caliper  and  its  application 
in  making  density  determinations.  .T.  E. 
Nordby,  Idaho  Sta.  Circ.  52,  8  p.,  illus. 
1928. 

A  technical  study  of  the  maintenance  and 
fattening  of  lambs  and  their  utilization 
of  a  ration  of  alfalfa  hay  and  corn. 
H.  H.  Mitchell,  W.  G.  Kammlade,  and 
T.  S.  Hamilton.  Ill.  Sta.  Bui.  314,  p. 
29-60.  1928. 

Relative  energy  value  of  alfalfa,  clover, 
and  timothy  hay  for  the  maintenance  of 
sheep.  H.  H.  Mitchell,  W.  G.  Kammlade, 
and  T.  S.  Hamilton.  Ill.  Sta.  Bui.  317, 
p.  125-167,  illus.  1928. 

Fattening  western  lambs.  C.  Harper.  Ind. 

Sta.  Bui.  325.  12  p.,  illus.  1928. 

Slieep  production  in  Mississippi.  H.  H. 

Lereck  and  D.  S.  Buchanan.  Miss.  Sta. 
Bui.  260,  36  p.,  illus.  1928. 

Wool  covering  on  face,  ears  and  legs. 

E.  G.  Ritzman.  N.  H.  Sta.  Tech.  Bui. 
37,  35  p.,  illus.  1928. 

Milk  goats.  C.  A.  Matthews  and  E. 

Weaver.  Iowa  Sta.  Circ.  111.  15  p., 

illus.  1928. 


SWINE 

Feed  requirements  of  spring  and  fall  pigs. 
A.  E.  Tomhave.  Del.  Sta.  Bui.  156,  11  p. 

1928. 

Swine  feeding  and  quality  of  pork.  P.  R. 

Edwards.  Ga.  Sta.  Circ.  84,  12  p.  1929. 
Swine  type  studies. — I,  Type  in  swine  as 
related  to  rate  and  economy  of  gain. 
W.  E.  Carroll,  S.  Bull,  J.  B.  Rice.  R.  J. 
Laible,  and  R.  A.  Smith.  Ill.  Sta.  Bui. 
321,  p.  339-392.  illus.  1929. 

Swine  type  studies. — II,  Type  in  swine  as 
related  to  quality  of  pork.  S.  Bull  and 
T.  H.  Lonawell.'  Ill.  Sta.  Bui.  322,  p. 
395-490.  illus.  1929. 

Swine  type  studies. — III,  The  energy  and 
protein  requirements  of  growing  swine 
and  the  utilization  of  feed  energy  in 
growth.  H.  H.  Mitchell  and  T.  S.  Hamil¬ 
ton.  Ill.  Sta.  Bui.  323,  p.  491-600,  illus. 

1929. 

Death  and  crippled  losses  in  shipping  hogs 
to  market.  J.  R.  Wiley.  Ind.  Sta.  Bui. 
318.  32  p.,  illus.  1927. 

Superior  supplementary  blends  for  the 
balancing  of  corn  in  fall  pig  production. 
J.  M.  Evvard  et  al.  Iowa  Sta.  Leaflet 
25.  8  p.  1928. 

Swine  performance  record,  litter  compari¬ 
sons.  Series  I.  C.  C.  Culbertson  et  al. 
Iowa  Sta.  Leaflet  26,  14  p.  1928. 

The  importance  of  vitamin  A  and  vitamin 
C  in  the  ration  of  swine,  concerning 
especially  their  effect  on  growth  and  re¬ 
production.  .1.  S.  Hughes,  C.  E.  Aubel, 
and  H.  F.  Lienhardt.  Kans.  Sta.  Tech. 
Eul.  23.  48  p.,  illus.  1928. 

Swine  feeding  investigations,  1923  to  1926. 
A.  D.  Weber.  B.  M.  Anderson,  and  H.  W. 
Marston.  Kas.  Sta.  Circ.  138,  14  p., 
illus.  1928. 

Shall  growing  pigs  be  full  fed?  E.  F. 
Ferrin  and  M.  A.  McCarty.  Minn.  Sta. 
Bui.  248,  14  p.,  illus.  1928. 

Fattening  the  pig. — Corn  and  protein 
supplement  versus  corn  alone.  P.  G. 
Bedenbaugh.  Miss.  Sta.  Circ.  78,  4  p., 
illus.  1928. 

The  effect  of  gestation  and  lactation  upon 
the  growth  and  compo.sition  of  swine. 
D.  .1.  GrisAvold,  P.  F.  Trowbridge,  A.  G. 
Hogan,  and  L.  I).  Haigh.  Mo.  Sta.  Res. 
Bui.  114,  62  p.,  illus.  1928. 


Hog  feeding  experiments.  F.  B.  Headley. 

Nev.  Sta.  Bui.  114,  46  p.,  illus.  1928. 
Soybean  oil  meal  for  fattening  pigs.  E.  H. 
Hostetler.  N.  C.  Sta.  Bui.  259,  12  p., 
illus.  1928. 

Comparative  tests  of  certain  feeds  in 
rations  for  pigs.  E.  A.  Livesay  and 

E.  C.  Stillwell.  W.  Va.  Sta.  Bui.  213,  16 
p.,  illus.  1928. 

Feed  and  care  of  the  brood  sow  and  litter. 

F.  B.  Morrison,  J.  M.  Fargo,  and  G. 
Bohstedt.  Wis.  Sta.  Bui.  400,  24  p., 
illus.  1928. 

POULTRY 

Artificial  incubation.  H.  Embleton.  Ariz. 
Sta.  Timely  Hints  for  Farmers  160,  6  p. 
1929. 

Effects  of  early  handicaps  on  chickens  as 
measured  by  yolk  absorption  and  body 
weight  to  twenty  weeks  of  age.  S.  L. 
Parker.  Hilgardia  [Calif.  Sta.],  vol.  4, 
no.  1,  56  p.,  illus.  1929. 

The  effect  of  inbreeding  on  the  bones  of  the 
fowl.  L.  C.  Dunn.  Conn.  Storrs  Sta. 
Bui.  152,  p.  55-112.  1928. 

A  manual  for  poultry  club  members.  E.  I. 
Pilchard  and  J.  Vandervort.  Ill.  Sta. 
Circ.  335,  28  p.,  illus.  1929. 

A  simple  linebreeding  program  for  poultry 
breeders.  C.  W.  Knox.  Iowa  Sta.  Bui, 
258,  p.  210-224,  illus.  1929. 

Feeding  poultry  for  egg  production.  C.  W. 
Knox.  Iowa  Sta.  Circ.  114,  15  p.,  illus. 
1929. 

Culling  poultry.  L.  F.  Payne  and  H.  H. 
Steup.  Kans.  Sta.  Circ.  147,  51  p.,  illus. 
1929. 

Calcium  metabolism  in  the  laying  hen. — 
III,  Calcium  carbonate  and  iiatchability. 

G.  D.  Buckner,  J.  H.  Martin,  ana  A.  M. 
I'eter.  Ky.  Sta.  Bui.  291,  23  p.  1929. 

Certification  of  poultry.  H.  O.  Stuart.  N. 

H.  Sta.  Circ.  29,  4  p.,  illus.  1929. 

A  practical  incinerator  for  poultry  plants. 

C.  B.  Hudson.  N.  J.  Stas.  Hints  to  Poul- 
'  trymen,  vol.  16,  no.  10,  4  n.,  illus.  1928. 
The  feeding  of  cod-liver  oil.  O.  N.  Mas- 
sengale.  N.  J.  Stas.  Hints  to  Poultry- 
men,  vol.  16,  no.  11,  4  p.,  illus.  1928.  " 
Turkeys.  W.  C.  Thompson  and  F.  R.  Beau- 
dette.  N.  J.  Stas.  Hints  to  Poultrymen, 
vol.  16.  no.  12.  4  p.,  illus.  1928. 
Managing  the  pullet  laying  flocks  in  close 
confinement.  W.  C.  Thompson.  N.  J. 
Stas.  Hints  to  Poultrymen,  vol.  17,  no.  1, 
4  p.,  illus.  1928. 

Report  of  the  New  Jersey  egg  laying  con¬ 
tests,  November  1,  1927 — October  23. 
1928.  W.  C.  Thompson.  N.  J.  Stas. 
Hints  to  Poultrymen,  vol.  17,  no.  3,  4  p., 
illus.  1928. 

Egg  production,  monthly  costs  and  receipts 
on  New  Jersey  poultrv  farms.  November. 
1927— October.  1928.  L.  M.  Black.  N.  J. 
Stas.  Hints  to  Poultrvmen.  vol.  17,  no.  4, 
4  p..  illus.  1929. 

Chick  suggestions.  C.  S.  Platt.  N.  J.  Stas. 
Hints  to  Poultrvmen.  vol.  17.  no.  5,  4  p., 
illus.  1929. 

Report  on  the  seven-point  program.  J.  C. 
Taylor.  N.  J.  Stas.  Hints  to  Poultry- 
men,  vol.  1,  17,  no.  6,  4  p.,  illus.  1929. 
Electric  lights  for  increasing  egg  produc¬ 
tion.  G.  W.  Kable,  F.  E.  Fox,  and  A.  G. 
Lunn.  Oreg.  Sta.  Bui.  231,  37  p.,  illus. 
1928. 

Green  feed  and  pasture  for  poultry.  H.  A. 
Schoth.  Oreg.  Sta.  Circ.  85,  16  p.,  illus. 
1928. 

Rules  and  regulations  for  the  fifth  Utah 
intermountain  egg-laying  contest.  B.  Al¬ 
der.  Utah  Sta.  Circ,  74,  4  p.,  illus. 
1928. 

Certain  normal  characteristics  of  White 
Leghorn  females  W.  Va.  Sta.  Bui.  220, 
16  p.,  illus.  1928. 
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MISCELLANEOUS 

Stallion  enrollment. — XVII,  Report  of  stal¬ 
lion  enrollment  board  for  the  year  1928 
with  lists  of  stallions  and  jacks  enrolled. 
Ind.  Sta.  Circ.  159,  44  p.,  illus.  1928. 
Filling  silos.  J.  B.  Fitch.  Kans.  Sta.  Circ. 

139,  8  p.,  illus.  1928. 

A  survey  of  livestock  breeding  and  feed¬ 
ing  practices.  W.  A.  Craft.  Okla.  Sta. 
Circ.  73,  24  p.,  illus.  1928. 

DAIRYING 

Feeding  dairy  cattle  in  Arizona.  W.  S. 
Cunningham.  Ariz.  Sta.  Bui.  127,  p. 
275-298.  1928. 

An  experiment  in  the  free-choice  feeding  of 
mineral  supplements  to  dairy  cattle. 
W.  B.  Nevens.  Ill.  Sta.  Bui.  316,  p. 
118-124.  1928. 

Producing  high-quality  milk.  M.  J.  Prucha. 

Ill.  Sta.  Circ.  341,  15  p.,  illus.  1929. 
Influence  of  environment  and  breeding  in 
increasing  dairy  production,  III.  E. 
Weaver,  C.  A.  Matthews,  and  H.  H. 
Kildee.  Iowa  Sta.  Bui.  251,  p.  283-328, 
illus.  1928. 

Feed,  care,  and  management  of  the  dairy 
cow.  J.  S.  Moore.  Miss.  Sta.  Bui.  259, 
15  p..  illus.  1928. 

The  mode  of  inheritance  of  yearly  butterfat 
production  :  An  analysis  of  the  progeny 
performance  of  Jersey  sires  and  dams. 
C.  W.  Turner.  Mo.  Sta.  Res.  Bui.  112, 
130  p.,  illus.  1927. 

The  mode  of  inheritance  of  yearly  butter- 
fat  production  :  An  analysis  of  the 
progeny  performance  of  Ayrshire  sires 
and  dams.  W.  Gifford  and  C.  W.  Turner. 
Mo.  Sta.  Res.  Bui.  120,  52  p.,  illus. 
1928. 

Some  physical  and  physiological  activities 
of  dairy  cows  under  conditions  of  modern 
herd  management.  .1.  M.  Fuller.  N.  H. 
Sta.  Tech.  Bui.  35,  30  p.,  illus.  1928. 
Comparison  of  cane  and  Kafir  silage  for 
milk  production.  R.  B.  Becker  and 
W.  D.  Gallup.  Okla.  Sta.  Bui.  177,  8 
p.  1928. 

Corn  silage  versus  sweet  sorghum  silage 
for  milk  production.  J.  P.  LaMaster  and 

K.  S.  Morrow.  S.  C.  Sta.  Bui.  254,  32 
p.,  illus.  1929. 

Ground  hay  for  milk  production.  K.  S. 

Morrow  and  J.  P.  LaMaster.  S.  C.  Sta. 
Bui.  255.  31  p.  1929. 

Selecting  dairy  cows,  appearance  less  im¬ 
portant  than  performance.  G.  Q.  Bate¬ 
man.  Utah  Sta.  Circ.  75,  8  p.,  illus. 

1928. 

Feeding  cocoa  meal  to  dairy  heifers.  H.  B. 
Ellenberger  and  R.  D.  Aplin.  Vt.  Sta. 
Bui.  284,  19  p..  illus.  1928. 

Raising  dairy  calves  and  heifers.  J.  V. 
Hopkins  and  H.  O.  Henderson.  W.  Va. 
Sta.  Circ.  52.  23  p.,  illus.  1928. 

Raising  the  dairy  calf.  I.  W.  Rupel.  Wis. 

Sta.  Bui.  404,  23  p.,  illus.  1929. 

Lessons  from  the  university  dairy  herd. 
H.  S.  Willard.  Wyo.  Sta.  Bui.  160,  36  p., 
illus.  1928. 

Studies  of  the  composition  of  milk.  O.  R. 
Overman,  F.  P.  Sanmann,  and  K.  E. 
Wright.  Ill.  Sta.  Bui.  325,  174  p.,  illus. 

1929. 

The  economy  and  efficiency  of  a  milking 
machine.  '  C.  A.  Matthews,  J.  M.  Shaw, 
and  E.  Weaver.  Iowa  Sta.  Bui.  248,  p. 
201-223,  illus.  1928. 

The  accuracy  of  composite  cream  samples. 
W.  B.  Combs,  L.  M.  Thurston,  A.  E. 
Groth.  and  S.  T.  Coulter.  Minn.  Sta. 
Bui.  243,  38  p.,  illus.  1927. 

The  commercial  application  of  LactotacUlus 
acidophilus  milk.  E.  L.  Reichart  and  H. 
P.  Davis.  Nebr.  Sta.  Bui.  228,  19  p. 
1928. 


A  summary  of  research  studies  relating  to 
casein  and  some  of  the  applications.  L. 

L.  Van  Slyke.  N.  Y.  State  Sta.  Tech. 
Bui.  139,  41  p.  1928. 

The  chemistr.v  of  sour  milk.  L.  L.  Van 
Slyke.  N.  Y.  State  Sta.  Tech.  Bui.  140, 
14  p.  1928. 

Studies  on  the  Coccaceae. — IX,  Further 
studies  on  the  classification  of  the  micro¬ 
cocci.  G.  J.  Hucker.  N.  Y.  State  Sta. 
Tech.  Bui.  135,  31  p.,  illus.  1928. 
Studies  on  the  Coccaceae. — X,  The  motility 
of  certain  cocci.  G.  J.  Hucker  and  L. 

M.  Thatcher.  XI,  Effect  of  the  medium 
upon  the  formation  of  chains  by  the  strep¬ 
tococci.  G.  J.  Hucker.  N.  Y.  State  Sta. 
Tech.  Bui.  136,  18  p.,  illus.  1928. 

Studies  on  the  Coccaceae. — XII,  Action  of 
the  streptococci  upon  casein.  G.  J. 
Hucker.  N.  Y.  State  Sta.  Tech.  Bui.  141, 
13  p.  1928. 

Studies  on  the  Coccaceae. — XIII,  Production 
of  carbon  dioxide  by  the  streptococci. 
G.  J.  Hucker.  N.  Y.  State  Sta.  Tech.  Bui. 
142,  10  p.  1928. 

Studies  on  the  Coccaceae. — ^XIV.  Certain 
biochemical  reactions  produced  by  the 
streptococci.  G.  J.  Hucker.  N.  Y.  State 
Sta.  Tech.  Bui.  143,  64  p.  1928. 

Studies  on  the  Coccaceae. — XV,  Relation¬ 
ships  of  the  various  acid-proteolytic  cocci. 
G.  J.  Hucker.  N.  Y.  State  Sta.  Tech. 
Bui.  144,  20  p.  1928. 

Thermophilic  and  thermoduric  microorgan¬ 
isms  with  special  reference  to  species 
isolated  from  milk. — V,  Description  of 
spore-forming  types.  P.  S.  Prickett.  N. 
Y.  State  Sta.  Tech.  Bui.  147,  58  p.,  illus. 

1928. 

Heat-resistant  and  heat-loving  bacteria  in 
their  relation  to  the  pasteurization  of 
milk.  R.  S.  Breed.  N.  Y.  State  Sta. 
Bui.  559,  19  p.,  illus.  1928. 

The  continuous  can  washer  for  dairy  plants. 
A.  W.  Farrall.  Calif.  Sta.  Bui.  466,  31 
p.,  illus.  1929, 

Sterilization  of  dairy  utensils  with  humidi¬ 
fied  hot  air.  A.  W.  Farrall  and  W.  M. 
Regan.  Calif.  Sta.  Bui.  468,  13  p.,  illus. 

1929. 

Chemical  sterilization  of  dairy  utensils  on, 
the  farm  and  in  the  dairy  plant.  M.  J. 
Prucha.  Ill.  Sta.  Circ.  332,  11  p.,  illus. 
L1929.] 

Making  cottage  cheese  on  the  farm.  W.  J. 
Caulfield.  Kans.  Sta.'  Circ.  146,  12  p., 
illus.  1929. 

Washing  powders  for  dairy  use.  A.  W. 
Phillips,  M.  J.  Mack,  and  J.  H.  Frandsen. 
Mass.  Sta.  Tech.  Bui.  13,  p.  177-187. 
1928. 

A  study  of  gelatins  and  their  effect  on  ice 
cream.  P.  S.  Lucas  and  E.  C.  Scott. 
Mich.  Sta,  Tech.  Bui.  94,  24  p.,  illus. 
1928. 

Parchment  paper  as  a  source  of  mold  infec¬ 
tion  in  butter.  H.  Macy  and  G.  M. 
Pulkrabek.  Minn.  Sta.  Bui.  242,  23  p., 
illus.  1928. 

Whey  butter.  E.  S.  Guthrie.  N.  Y.  Cor¬ 
nell  Sta.  Bui.  468,  12  p.  1928. 
Composition  and  body  of  butter.  E.  S. 
Guthrie.  N.  Y.  Cornell  Sta.  Bui.  477, 
34  p.,  illus.  1929. 

DISEASES  OF  LIVESTOCK 

Bovine  infectious  abortion  :  Tenth  report. 
The  establishing  of  abortion-free  herds 
by  an  intensive  system  of  serological 
testing,  and  segregation  of  non-reacting 
animals.  L.  F.  Rettger  et  al.  Conn. 
Storrs  Sta.  Bui.  153,  p.  115-130.  1929. 

Bovine  infectious  abortion  :  Eleventh  report. 
Increased  productivity  of  an  abortion-free 
dairy  herd.  G.  C.  White  et  al.  Conn. 
Storrs  Sta.  Bui.  154,  p.  133-147.  1929. 
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Observations  on  the  pathology  of  Bac- 
terium  abortus  infections.  E.  T.  Hall¬ 
man,  L.  B.  Sholl,  and  A.  L.  Delez, 
Mich.  Sta.  Tech.  Bui.  93,  19  p.,  illus. 
1928. 

Further  studies  on  the  value  of  non-virulent 
living  culture  vaccination  of  cattle 
against  Brucella  abortus  infection.  I.  P. 
Huddleson.  Mich.  Sta.  Tech.  Bui.  98, 
11  p.  1929. 

Herd  charts  for  bulletin  on  Further  studies 
on  the  value  of  non-virulent  living  cul¬ 
ture  vaccination  of  cattle  against  Bru¬ 
cella  abortus  infection.  I.  F.  Huddleson. 
Mich.  Sta.  Chart  Section  of  Tech.  Bui. 
98,  15  p.  1929. 

The  eradication  of  infectious  abortion  from 
the  dairy  herd  of  Oregon  State  Agri¬ 
cultural  College.  B.  T.  Simms  et  al. 
Oreg.  Sta.  BuL  232,  12  p.,  illus.  1928. 
Acidosis  of  pregnant  ewes,  so-called  preg¬ 
nancy  disease  of  sheep.  W.  W.  Dimock, 
D.  J.  Healy,  and  P.  E.  Hull.  Ky.  Sta. 
Circ.  39,  8  p.  1928. 

Epidemiological  studies  of  blackhead  in  tur¬ 
keys. — II,  Ordinary  barnyard  fowl  as  im- , 
portant  agents  of  transmission.  D.  F. 
Kettger,  W.  F.  Kirkpatrick,  and  J.  G. 
McAlpine.  Conn.  Storrs  Sta.  Bui.  156, 
p.  253-258.  1929. 

Blackleg  in  cattle.  H.  Welch.  Mont.  Sta. 

Circ.  136,  8  p.,  illus.  1928. 

Coccidiosis  in  chickens.  E.  M.  Gildow  and 
W.  Wisnicky.  N.  H.  Sta.  Circ.  27,  4  p., 
illus.  1928. 

Coccidiosis  of  the  chicken.  W.  T.  Johnson. 

Oreg.  Sta.  Bui.  238,  16  p.,  illus.  1928. 

The  pathology  of  bacillary  white  diarrhea 
in  chicks.  L.  P.  Doyle  and  F.  P. 
Mathews.  Ind.  Sta.  Bui.  323,  16  p.,  illus. 
1928. 


Bacillary  white  diarrhea.  P.  R.  Edwards 
and  F.  E.  Hull.  Ky.  Sta.  Circ.  40,  15  p., 
illus.  1928. 

Control  of  Salmo7iella  pullorum  infection 
(bacillary  white  diarrhea),  1927-1928. 
W.  R.  Hinshaw  and  E.  F.  Sanders.  Mass. 
Sta.  Control  Ser.  Bui.  43,  23  p.  1928. 
Agglutination  and  pathological  studies  in 
bacillary  white  diarrhea.  R.  S.  Dear- 
styne,  B.  F.  Kaupp,  and  H.  S.  Wilfong. 
N.  C.  Sta.  Tech.  Bui.  34,  27  p.,  illus. 
1928. 

The  occurrence  and  significance  of  Sal¬ 
monella  pullorum  in  eggs.  R.  P.  Tittsler, 
B.  W.  Heywang,  and  T.  B.  Charles.  Pa. 
Sta.  Bui.  235,  16  p.,  illus.  1928. 
Infectious  purulent  entero-proventriculitis 
of  fowls.  B.  F.  Kaupp,  R.  S.  Dearstyne, 
H.  S.  Wilfong,  and  L.  M.  Greene.  N.  C. 
Sta.  Tech.  Bui.  31,  66  p.,  illus.  1928. 
Cutaneous  immunity  in  relation  to  conta¬ 
gious  epithelioma.  N.  J.  Pvle.  Mass. 
Sta.  Tech.  Bui.  14,  p.  201-216.  1928. 

Control  of  fowl  pox.  C.  E.  Sawyer.  West. 

Wash.  Sta.  Bui.  12-W,  24  p.,  illus.  1929. 
Goiter  in  farm  animals.  H.  Welch.  Mont. 

Sta.  Bui.  214,  27  p.,  illus.  1928. 

The  greasewood  (Sarcobatus  vermiculatus) , 
a  range  plant  poisonous  to  sheep.  C.  E. 
Fleming,  M.  R.  Miller,  and  L.  R.  Vawter. 
Nev.  Sta.  Bui.  115,  22  p.,  illus.  1928. 
The  poisoning  of  livestock  by  Drymaria 
pacJiypliylla.  J.  L.  Lantow.  N.  Mex. 
Sta.  Bui.  173,  13  p.  1929. 

The  duration  of  immunity  in  dogs  follow¬ 
ing  _  the  single-injection  method  of  anti- 
rabic  vaccination.  A.  Broerman  and  B. 
H.  Edgington.  Ohio  Sta.  Bui.  423,  13  p. 
1928. 


Red  water  disease  of  cattle  (Bacillary 
hemoglobinuria) .  E.  Records  and  L.  R. 
Vawter.  Nev.  Sta.  Bui.  113,  12  p.,  illus. 
1928. 


Pathology  and  bacteriology  of  the  reproduc¬ 
tive  organs  of  mares  in  relation  to  ste¬ 
rility.  W.  W.  Dimock  and  P.  R.  Edwards. 
Ky.  Sta.  Bui.  286,  p.  157-237,  illus. 

1928. 

Causes  of  poultry  mortality  in  North  Caro¬ 
lina.  R.  S.  Dearstyne,  B.  F.  Kaupp,  and 
H.  S.  Wilfong.  N.  C.  Sta.  Bui.  264,  31 
p.,  illus.  1929. 

Inherited  epithelial  defects  in  cattle.  F.  B. 
Hadley  and  L.  J.  Cole.  Wis.  Sta.  Res. 
Bui.  86,  35  p.,  illus.  1928. 

AGRICULTURAL  ENGINEERING 

Nebraska  tractor  tests,  1920-1928.  Nebr. 

Sta.  Bui.  233,  illus.  1929. 

Combine  harvesting  in  North  Dakota. 
Progress  report.  R.  C.  Miller  and  A.  H. 
Benton.  N.  Dak.  Sta.  Bui.  220,  26  p., 
illus.  1928. 

Mechanical  harvesting  _of  cotton  in  north¬ 
west  Texas.  D.  L.  Jones,  W.  M.  Hurst, 
and  D.  Senates.  Tex.  Sta.  Circ.  52,  31  p., 
illus.  1928. 

Motor-driven  green  feed,  root,  and  straw 
choppers.  F.  E.  Price,  G.  W.  Kable,  and 

F.  E.  Fox.  Oreg.  Sta.  Circ.  88,  8  p.,  illus. 

1929. 

Pulverizing  limestone  on  the  farm.  F.  D. 
Jones.  Tenn.  Sta.  Circ.  23,  4  p.,  illus. 
1928. 

Electric  service  for  light,  heat,  and  power. 
T.  E.  Hienton  and  M.  Rapp.  Ind.  Sta. 
Circ.  157,  26  p.,  illus.  1928. 

Unit  electric  plants  for  Nebraska  farms,  a 
survey  of  present  conditions  and  a  study 
of  types  of  plants.  E.  E.  Brackett  and 
E.  B.  Lewis.  Nebr.  Sta.  Bui.  235,  28  p., 
illus.  1929. 

Electric  incubation  and  brooding.  H.  L. 
Garver  and  J.  S.  Carver.  Wash.  Col.  Sta. 
Bui.  231,  38  p.,  illus.  1929. 

Poultry  farm  equipment.  H.  H.  Alp.  Ill. 

Sta.  Circ.  333,  20  p.,  illus.  1929. 

Housing  farm  poultry.  W.  A.  Foster  and 
H.  H.  Alp.  Ill.  Sta.  Circ.  337,  24  p., 
illus.  1929. 

Air-cooled  apple  storages.  C.  B.  Baker. 

Ind.  Sta.  Circ.  154,  24  p.,  illus.  1928. 
The  L-block,  a  type  of  concrete  block 
adapted  to  the  economical  construction 
of  farm  buildings.  J.  B.  Davidson  and 
H.  Giese.  Iowa  Sta.  Bui.  249,  p.  225-247, 
illus.  1928. 

The  Oklahoma  farmstead.  L.  E.  Hazen. 

Okla.  Sta.  Circ.  74,  37  p.,  illus.  1928. 
Buildings  and  equipment  for  the  livestock 
farm.  F.  D.  Cornell,  jr.  W.  Va.  Sta. 
Circ.  53,  55  p.,  illus.  1928. 

Sewage  disposal  for  the  farm  home.  R.  C. 
Kelleher  and  E.  W.  Lehmann.  Ill.  Sta. 
Circ.  336,  20  p.,  illus.  1929. 

Effect  of  alkaline  substances  on  sewage 
sludge  digestion.  A.  .1.  Fischer,  W. 
Rudolfs,  and  P.  J.  A.  Zeller.  N.  J.  Stas. 
Bui.  474.  34  p.,  illus.  1929. 

The  improved  Venturi  flume.  R.  L. 
Parshall.  Colo.  Sta.  Bui.  336,  84  p.,  illus. 
1928. 

Suggestions  concerning  small  irrigation 
numping  plants.  W.  E.  Code.  Colo.  Sta. 
Bui.  350,  22  p.,  illus.  1929. 

Pump  irrigation  results.  H.  E.  Weakly 
and  L.  L.  Zook.  Nebr.  Sta.  Bui.  227, 
12  p.,  illus.  1928. 

The  development  of  water  supplies  for 
irrigation  in  Nevada  by  pumping  from 
underground  sources.  F.  L.  Bixby  and 

G.  Hardman.  Nev.  Sta.  Bui.  112,  38  p., 
illus.  1928. 

The  economic  limit  of  pumping  for  irri¬ 
gation.  with  special  reference  to  Willa¬ 
mette  Valley.  W.  L.  Powers.  Oreg.  Sta. 
Bui.  235,  48  p.,  illus.  1928. 
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Surface  and  sub-surface  waters  of  the 
Yakima  and  Klamath  reclamation  proj¬ 
ects.  C.  C.  Wright.  Wash.  Col.  Sta, 
Bui.  228,  45  p.  1928. 

Irrigation  west  of  the  Cascades.  L.  J. 
Smith  and  H.  L.  Carver.  Wash.  Col. 
Sta.  Pop.  Bill.  140,  52  p.,  illus.  1928. 
Drainage  in  the  Sacramento  Valley  rice 
fields.  W.  W.  Weir.  Calif.  Sta.  Bui. 
464.  37  p.,  illus.  1929. 

Experimental  and  mathematical  analyses 
of  drain  tile  testing  and  new  test  bear¬ 
ing.  D.  G.  Miller  and  J.  A.  Wise.  Minn. 
Sta.  Tech.  Bui.  52,  66  p.,  illus.  1928. 
Stoning  farm  lands.  M.  J.  Thompson  and 
A.  J.  Schwantes.  Minn.  Sta.  Bui.  250, 
28  p.,  illus.  1929. 

Colorado  pavement  and  subgrade  studies. 
O.  V.  Adams  and  J.  G.  Rose.  Colo.  Sta. 
Bui.  330,  69  p.,  illus.  1928. 

ECONOMICS  AND  SOCIOLOGY 


FARM  MANAGEMENT  AND  PRODUCTION 

Lessons  from  southwestern  Indian  agri¬ 
culture.  S.  P.  Clark.  Ariz.  Sta.  Bui. 
125.  p.  233-252,  illus.  1928. 

An  economic  study  of  tomato  production 
for  canning  in  Arkansas.  C.  E.  Camp¬ 
bell.  Ark.  Sta.  Bui.  225,  27  p.,  illus. 
1928. 

Farm  organization  and  management  in 
typical  upland  sections  of  Arkansas. 
,T.  A.  Dickey.  Ark.  Sta.  Bui.  235,  91  p., 
illus.  1929. 

Range  resources  of  the  San  Luis  Valley. 
H.  C.  Hanson.  Colo.  Sta.  Bui.  335,  61 
p.,  illus.  1929. 

Cattle-ranch  organization  in  the  moun¬ 
tains  of  Colorado.  R.  T.  Burdick,  M. 
Reinholt,  and  G.  S.  Klemmedson.  Colo. 
Sta.  Bui.  342,  62  p.,  illus.  1928. 
Developmental  study  of  a  rural-urban 
trade  area.  H.  W.  Mumford,  C.  L. 
Stewart,  H.  C.  M.  Case,  and  P.  E. 
Johnston.  Ill.  Sta.  Bui.  326,  p.  131-208, 
illus.  1929. 

Proposed  plan  looking  toward  adjustments 
in  the  agriculture  of  Illinois.  H.  W. 
Mumford.  Ill.  Sta.  Circ.  340,  14  p., 
illus.  1929. 

What  is  happening  to  agriculture  in  north¬ 
western  Indiana?  M.  H.  Overton.  Ind. 
Sta.  Bui.  321,  47  p.,  illus.  1928. 

Ai;  economic  study  of  the  hog  enterprise 
in  Humboldt  County.  J.  A.  Hopkins,  jr. 
Iowa  Sta.  Bui.  255,  p.  65-110,  illus. 

1928. 

Types  of  farming  in  Iowa.  C.  L.  Holmes. 
Iowa  Sta.  Bui.  256,  p.  115-166,  illus. 

1929. 

The  corn  enterprise  in  Iowa.  B.  B.  Hurd. 
Iowa  Sta.  Bui.  259,  p.  226-256,  illus. 

1929. 

The  effect  of  the  combined  harvester- 
thresher  on  farm  organization  in  south¬ 
western  Kansas  and  northwestern  Okla- 
1’oma.  W.  E.  Grimes,  R.  S.  Kifer,  and 
J.  A.  Hodges.  Kans.  Sta.  Circ.  142,  24 
p.,  illus.  1928. 

An  economic  study  of  93  apple  farms  in 
Oxford  County,  Maine,  1924-1927.  C.  H. 
Merchant.  Me.  Sta.  Bui.  347,  p.  61-144, 
illus.  1928. 

An  economic  study  of  the  production  of 
tomatoes  in  Maryland.  W.  P.  Walker. 
Md.  Sta.  Eul.  304,  p.  177-238  +  1,  illus. 
1929. 

An  economic  study  of  the  production  of 
sweet  corn  and  peas  in  Maryland.  S.  IT. 
DeVault  and  W.  P.  Walker.  Md.  Sta. 
Bui.  305.  p.  239-329  +  1.  illus.  1929. 
Type-of-farming  areas  in  Massachusetts.  R. 
L.  Mighell  and  M.  Brown.  Mass.  Sta. 
Bui.  244,  p.  252-268,  illus.  1928. 


What  m’akes  some  farms  pay,  a  business 
analysis  of  114  farms  in  Eaton  County, 
Michigan.  E.  B.  Hill  and  F.  T.  Rid¬ 
dell.  Mich.  Sta.  Spec.  Bui.  187,  26  p., 
illus.  1929. 

Progress  report  on  cost  of  production  route 
in  Jones  County,  Mississippi,  1927.  L.  E. 
Long  and  J.  R.  Allen.  Miss.  Sta.  Bui. 
256,  36  p.  1928. 

Systems  of  farming  for  the  hill  sections  of 
Mississippi.  L.  E.  Long  and  R.  S.  Kifer. 
Miss.  Sta.  Bui.  257,  50  p.,  illus.  1928. 
The  feed-purchasing  power  of  a  hen’s  egg 
production.  H.  L.  Kempster.  Mo.  Sta. 
Bui.  261,  14  p.,  illus.  1928. 

Economics  of  strawberry  production  and 
marketing  in  Missouri.  F.  L.  Thomsen 
and  G.  B.  Thorne.  Mo.  Sta.  Bui.  262, 
138  p..  illus.  1928. 

The  McIntosh  apple  industry  in  western 
Montana.  S.  E.  Johnson.  Mont.  Sta. 
Bui.  218,  62  p.,  illus.  1929. 

Economic  aspects  of  the  cattle  industry  of 
the  Nebraska  Sand  Hills.  H.  Hedges. 
Nebr.  Sta.  Bui.  231,  42  p.,  illus.  1928. 
Preliminary  report  on  a  study  of  cattle 
production  costs  in  Nevada.  C.  A.  Bren¬ 
nan  and  G.  H.  Smith,  jr.  Nev.  Sta.  Bui. 
Ill,  14  p..  illus.  1928. 

Systems  of  livestock  farming  for  the  moun¬ 
tain  region  of  North  Carolina.  R.  J.  Sa- 
ville.  N.  C.  Sta.  Bui,  260,  55  p.,  illus. 

1928. 

Livestock  production  costs  in  Greene  Coun¬ 
ty,  Ohio.  J.  F.  Dowler.  Ohio  Sta.  Bui. 
419,  52  p.,  illus.  1928. 

Dairy  and  other  livestock  production  costs 
in  Medina  County,  Ohio.  F.  L.  Morison. 
Ohio  Sta.  Bui.  424,  53  p.,  illus.  1928. 
The  business  side  of  dairying.  W.  C.  Jen¬ 
sen  and  B.  A.  Russell.  S.  C.  Sta.  Bui. 
249,  72  p.,  illus.  1928. 

An  agricultural  survey  of  the  Charleston 
area.  A.  M.  Carkuff.  S.  C.  Sta,  Bui. 
253,  62  p.,  illus.  1928. 

Irish  potato  outlook.  South  Carolina,  1929, 
W.  C.  Jensen  and  A.  M.  Carkuff,  S.  C, 
Sta.  Circ.  34,  16  p.,  illus.  1928. 
Profitable  farming  systems  for  the  intensive 
spring  wheat  area  in  South  Dakota.  C. 
A.  Bonnen  and  R.  H.  Rogers.  S.  Dak. 
Sta.  Bui.  235.  48  p.,  illus.  1928. 

Systems  of  farming  for  the  Black  Waxy 
Prairie  Belt  of  Texas.  L.  P.  Gabbard, 
J.  B.  Hutson,  and  T.  L.  Gaston,  jr.  Tex. 
Sta.  Bui.  395,  57  p.,  illus.  1929. 

An  economic  study  of  the  apple  industry  of 
Utah,  1926  and  1927.  W.  P.  Thomas  and 
P.  V.  Cardon.  Utah  Sta.  Bui.  208,  72  p., 
illus.  1928. 

Studies  in  Vermont  dairy  farming. — IV, 
Cabot-Marshfieid  area.  E.  W.  Bell.  Vt. 
Sta.  Bui.  283,  24  p.,  illus.  1928. 
Economics  of  the  farm  manufacture  of 
maple  syrup  and  sugar.  J.  A.  Hitchcock, 
Vt.  Sta.  Bui.  285,  96  p.,  illus.  1928. 
Economics  of  the  farm  manufacture  of 
maple  syrup  and  sugar,  continuation  of 
discussion  in  Bulletin  285.  J.  A.  Hitch¬ 
cock.  Vt.  Sta.  Bui.  286,  24  p.  1928. 
Cost  and  profit  in  the  sugar  orchard.  J.  A. 
Hitchcock.  Vt.  Sta.  Bui.  292,  19  p.,  illus. 

1929. 

marketing  and  prices 

Sei-ies  on  California  crops  and  prices : 
Oranges.  H.  R.  Wellman  and  E.  W. 
Braun.  Calif.  Sta.  Bui.  457,  58  p.,  illus. 
3928. 

Economic  aspects  of  the  fresh  plum  indus¬ 
try.  E.  Rauchenstein.  Calif.  Sta.  Bui, 
4.59,  26  p.,  illus.  1928. 

Series  on  California  crops  and  prices : 
Lemons.  H.  R.  Wellman  and  E.  W. 
Braun.  Calif.  Sta.  Bui.  460,  37  p.,  illus. 
1928. 
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Series  on  California  crops  and  prices  :  Eco¬ 
nomic  aspects  of  the  beef  cattle  industry. 

E.  C.  Voorhies  and  A.  B.  Koughan. 
Calif.  Sta.  Bui.  461,  128  p.,  illus.  1928. 
Prune  supply  and  price  situation.  S.  W. 
Shear.  Calif.  Sta.  Bui.  462,  69  p.,  illus. 

1 928. 

Series  on  California  crops  and  prices: 
Grapefruit.  H.  R.  Wellman  and  E.  W. 
Braun.  Calif.  Sta.  Bui.  463,  35  p.,  illus. 
1928. 

Statistics  on  the  prices  and  destinations  of 
Idaho  apples,  the  four  crops,  1923  to 
1926.  C.  F.  Wells.  Idaho  Sta.  Bui.  162, 
15  p.  1928. 

Marketing  Calhoun  County  apples.  J.  W. 
Llovd  and  H.  M.  Newell.  Ill.  Sta.  Bui. 
312,  p.  561-612,  illus.  1928. 

Market  destinations  of  Illinois  grain.  C.  L. 
Sti  wart,  L.  J.  Norton,  and  L.  F.  Rickey. 
Ill.  Sta.  Bui.  315,  p.  62-115,  illus.  1928. 
Costs  and  margins  and  other  related  factors 
in  the  distribution  of  fluid  milk  in  four 
Illinois  market  areas.  C.  A.  Brown.  Ill. 
Sta.  Bui.  318,  p.  171-282,  illus.  1928. 
Seasonal  features  of  Illinois  grain  market¬ 
ing.  L.  .1.  Norton  and  C.  L.  Stewart. 
Ill  Sta.  Bui.  324,  46  p.,  illus.  1929. 
The  possibilities  of  developing  new  indus¬ 
trial  markets  for  farm  products.  R.  A. 
Clemen.  Ill.  Sta.  Circ.  330.  24  p.  1928. 
Livestock  trucking  by  Illinois  shipping  asso¬ 
ciations.  R.  C.  Ashby.  Ill.  Sta.  Circ. 
331,  27  p.,  illus.  [1928.1 
Grading  tomatoes  for  quality.  F.  C.  Gay¬ 
lord  and  n.  M.  Cleaver.  Ind.  Sta.  Bui. 
317,  24  p.,  illus.  1927. 

Prices  of  farm  products  in  Indiana.  E.  C. 
Young  and  O.  A.  Dav.  Ind.  Sta,  Bui.  320, 
24  p.,  illus.  1928. 

The  Indianapolis  apple  market.  11.  M. 
Cleav  r,  M.  R.  Cooper,  and  J.  W.  Park. 
Ind.  Sta.  Bui.  322,  38  p.,  illus.  1928. 

The  movement  of  Iowa’s  commercial  corn 
and  oats.  R.  C.  Bentley.  Iowa  Sta.  Bui. 
252,  p.  331-383,  illus.  1928. 

Local  cooperative  livestock  marketing  asso¬ 
ciations  in  Iowa  since  1920.  D.  A,  Fitz- 
( Jerald.  Iowa  Sta.  Bui.  254,  63  p.,  illus. 
1928. 

Whi'U  shall  we  sell  our  corn?  G.  S. 
Shepherd.  Iowa  Sta.  Circ.  113.  23  p., 
illus.  1929. 

Country  elevator  margins  and  costs  in 
mai'keting  Kansas  wheat.  R.  M.  Green 
and  E.  B.  Ballow.  Kans.  Sta.  Bui.  246, 
60  p.,  illus.  1928. 

Judging  price  risks  in  marketing  hogs. 
R.  M.  Green  and  E.  A.  Stokdvk.  Kans. 
Sta.  Circ.  137,  29  p.,  illus.  1928. 
Marketing  Kentucky  eggs.  D.  G.  Card. 

Ky.  Sta.  Bui.  283.  42  p.,  illus.  1928. 
Marketing  Kentuckv  poultry.  D.  G.  Card. 
Ky.  Sta.  Bui.  285,  p.  113-153,  illus. 
1928. 

Th*'  marketing  of  tobacco.  O.  B.  Jesness. 

Ky.  Sta.  Bui.  287,  p.  241-270.  1928. 

The  cooperative  marketing  of  tobacco. 
O.  B.  Jesness.  Ky.  Sta.  Bui.  288,  p.  273- 
306.  1928. 

The  manufacture  and  distribution  of 
tomatoes,  sweet  corn,  and  peas  in  Mary¬ 
land.  W.  J.  Hart.  Md.  Sta.  Bui.  301, 
p.  63-145,  illus.  1928. 

The  McIntosh  apple  on  the  New  York 
market.  L.  P.  .Tefferson.  Mass.  Sta.  Bui. 
243,  p.  189-200.  1928. 

Farmers’  cooperative  buying  and  selling 
organizations  in  Michigan.  C.  F.  Clayton 
and  J.  T.  Horner.  Mich.  Sta.  Spec.  Bui. 
171.  104  p.,  illus.  1928. 

Roadside  marketing  in  Michigan.  H.  P. 
Gaston.  Mich.  Sta.  Spec.  Bui.  185,  49  p., 
illus.  1929. 

The  marketing  of  Michigan  milk  through 
creameries,  cream  stations,  condenseries 


and  cheese  factories.  F.  T.  Riddell  and 
J.  T.  Horner.  Mich.  Sta.  Spec.  Bui.  189, 
36  p.,  illus.  1929. 

Marketing  country  creamery  butter  by  a 
co-operative  sales  agency.  H.  B.  Price. 
Minn.  Sta.  Bui.  244,  45  p.,  illus.  1928. 
Marketing  locally  grown  raspberries  in 
Minnesota.  H.  B.  Price,  O.  A.  Negaard, 
and  W.  G.  Brierley.  Minn.  Sta.  BuL 
245,  21  p.,  illus.  i928. 

Services  of  rural  trade  centers  in  distri¬ 
bution  of  farm  supplies.  H.  E.  Price 
and  C.  R.  Hoffer.  Minn.  Sta.  Bui.  249, 
55  p.,  illus.  1928. 

Marketing  high  protein  wheat.  E.  J.  Bell,, 
jr.  Mont.  Sta.  Bui.  213,  47  p.,  illus, 
1928. 

Marketing  live  broilers  in  New  York  City. 
H.  I.  Richards  and  M.  F.  Abell.  Cost 
of  marketing  New  Hampshire  broilers, 

E.  H.  Rinear.  N.  H.  Sta.  Bui.  234,  31 
p.,  illus.  1928. 

fbarmers’  cooperative  business  organizations^ 
in  New  York.  J.  F.  Booth.  N.  Y.  Cor¬ 
nell  Sta.  Bui.  461,  123  p.,  illus.  1928. 
Interrelationships  of  supply  and  price.  G, 

F.  W’'arren  and  F.  A.  Pearson.  N.  Y. 
Cornell  Sta.  Bui.  466,  144  p.,  illus.  1928, 

An  economic  study  of  retail  feed  stores  in 
Neve  York  State.  E.  A.  Perregaux, 
N.  Y.  Cornell  Sta.  Bui.  471,  61  p.,  illus. 
1928. 

The  cost  of  handling  fluid  milk  and  cream 
in  country  plants.  C.  K.  Tucker.  N.  Y. 
Cornell  Sta.  Bui.  473,  119  p.,  illus.  1929, 
Wheat  prices  and  the  world  wheat  market, 

V.  P.  Timoshenko.  N.  Y.  Cornell  Sta, 
Mem.  118,  100  p.,  illus.  1928. 

Prices  and  fertilizer  materials,  and  factors 
affecting  the  fertilizer  tonnage.  E.  E. 
Vial.  N.  Y.  Cornell  Sta.  Mem.  119,  159' 
p.,  illus.  1928. 

Cooperative  marketing  of  livestock  in 
North  Dakota.  A.  H.  Benton  and  H.  E. 
Seielstad.  N.  Dak.  Sta.  Bui.  223,  63  p., 
illus.  1928. 

A  business  study  of  the  Ohio  poultry  pro¬ 
ducers’  cooperative  association.  L.  G, 
Foster.  Ohio  Sta.  Bui.  427,  38  p.,  illus, 
1928. 

Attitudes  of  Oklahoma  farmers  toward  the 
Oklahoma  Cotton  Growers’  Association. 

W.  W.  Fetrow.  Okla.  Sta.  Bui.  178,  60' 
p.,  illus.  [1929.] 

The  relation  of  the  basic-surplus  marketing- 
plan  to  milk  production  in  the  Philadel- 

ghia  milk  shed.  F.  F.  Lininger.  Pa, 
ta.  Bui.  231.  63  p.,  illus.  1928. 

Sources  of  carload  receipts  of  food  in 
Providence,  Rhode  Island,  1921-1925. 
R.  B.  Corbett.  R.  I.  Sta.  Bui.  215,  lOS 
p..  illus.  1928. 

South  Dakota  potatoes,  production,  prices, 
destinations.  V.  R.  Wertz.  S.  Dak.  Sta. 
Bui.  234,  40  p.,  illus.  1928. 

Relation  of  farm  prices  to  quality  of  cotton. 

G.  L.  Crawford  and  L.  P.  Gabbard.  Tex. 
Sta.  Bui.  383,  29  p.,  illus.  1928. 

The  market  for  milk  in  Richmond,  Virginia. 
J.  J.  Vernon  and  R.  S.  Kifer.  Va.  Sta. 
Bui.  263,  15  p.,  illus.  1928. 

Getting  the  most  from  the  dairy  herd  by 
better  marketing.  P.  E.  McNall  and  D. 
R.  Mitchell.  Wis.  Sta.  Bui.  398,  14  p., 
illus.  1928. 

Cooperative  butter  marketing  in  Wisconsin. 
T.  Macklin  and  M.  A.  Schaars.  Wis. 
Sta.  Bui.  401,  39  p.,  illus.  1928. 

TAXATION,  LAND  ECONOMICS,  AND  CREDIT 

Some  Colorado  tax  problems,  with  special 
reference  to  their  effect  on  agriculture. 
W.  Coombs,  L.  A.  Moorhouse,  and  B.  D. 
Seeley.  Colo.  Sta.  Bui.  346,  87  p.,  illus. 
1928. 
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The  assessment  and  equalization  of  real 
property  in  Delaware.  M.  M.  Daugherty. 
Del.  Sta.  Bui.  159,  51  p.,  illus.  1928. 

The  taxation  system  of  Kansas.  H.  Howe. 
Kans.  Sta.  Circ.  144,  24  p.,  illus.  1929. 

The  collection  of  general-property  taxes  on 
farm  property  in  the  United  States,  with 
emphasis  on  New  York.  M.  S.  Kendrick. 
N.  Y.  Cornell  Sta.  Bui.  469,  51  p.,  illus. 
1928. 

Public  revenue  in  Ohio  with  especial  refer¬ 
ence  to  rural  taxation.  H.  R.  Moore  and 
J.  I.  Falconer.  Ohio  Sta.  Bui.  425,  41 
p.,  illus.  1928. 

A  study  in  the  ratios  of  assessed  values  to 
sale  values  of  real  property  in  Oregon. 
W.  H.  Dreesen.  Oreg.  Sta.  Bui.  233,  45 
p.,  illus.  1928. 

Taxation  and  public  finance  in  South  Da¬ 
kota.  E.  P.  Crossen.  S.  Dak.  Sta.  Bui. 
232.  76  p.,  illus.  1928. 

Tax  delinquency  in  northern  Wisconsin.  B. 
II.  Hibbard.  J.  Swenehart,  W.  A.  Hart¬ 
man,  and  B.  W.  Allin.  Wis.  Sta.  Bui. 
399,  29  p.,  illus.  1928. 

Use  and  taxation  of  land  in  Lincoln  County, 
AYisconsin.  B.  H.  Hibbard,  W.  A.  Hart¬ 
man,  and  W.  N.  Sparbawk.  Wis.  Sta. 
Bui.  .406,  38  p.,  illus.  1929. 

Farm  credit  in  a  plantation  and  an.  upland 
cotton  district  in  Arkansas.  B.  M.  Gile 
and  A.  N.  Moore.  Ark.  Sta.  Bui.  228,  50 
p..  illus.  1928. 

P'acts  and  problems  of  farm  credit  in  Craig¬ 
head  County.  Arkansas.  A.  N.  Moore 
and  C.  O.  Brannen.  Ark.  Sta.  Bui.  233, 
46  p..  illus.  1929. 

The  agricultural  credit  situation  in  Minne¬ 
sota.  B  M.  Gile  and  J.  D.  Black.  Minn. 
Sta.  Tech.  Bid.  55.  98  p..  illus.  1928. 

A  local  farm  real  estate  price  index.  F.  M. 
Thrun.  Mich.  Sta.  Tech.  Bui.  96,  31  p., 
illus.  1929. 

Factors  affecting  selling  prices  of  land  in 
the  Eleventh^  Federal  Farm  Loan  Dis¬ 
trict.  D.  Weeks.  Hils^ardia  [Calif.  Sta.], 
vol.  3.  no.  17,  p.  459-542,  illus.  1929. 

How  Wisconsin  farmers  become  farm  own¬ 
ers.  B.  H.  Hibbard  and  G.  A.  Peterson. 
Wis.  Sta.  Bui.  402,  35  n.,  illus.  1928. 

Farm  tenancy  and  lease  forms  in  Pennsyl¬ 
vania.  .T.  E.  McCord.  Pa.  Sta.  Bui.  232, 
48  p.,  illus.  1929. 

SOCIOLOGY 

A  study  of  town-country  relationships.  C. 
R.  Hoffer.  Mich.  Sta.  Spec.  Bui.  181,  20 
p.  1928. 

Factors  affecting  expenditures  of  farm  fam¬ 
ily  incomes  in  Minnesota.  C.  C.  Zim¬ 
merman  and  .1.  D.  Black.  Minn.  Sta. 
Bui.  246,  31  p..  illus.  1928. 

Incomes  and  expenditures  of  village  and 
town  families  in  Minnesota.  C.  C.  Zim¬ 
merman.  Minn.  Sta.  Bui.  253,  47  p., 
illus.  1929. 

The  county  library  in  Montana.  J.  W. 
Barger.  Mont.  Sta.  Bui.  219,  54  p., 

illus.  1929. 

The  lighting  of  Nebraska  rural  homes  by 
kerosene  and  gasoline  lamps.  G.  Grav. 
Nebr.  Sta.  Bui.  225,  20  p.,  illus.  1928. 

The  Nebraska  farm  kitchen.  G.  Gray. 
Nebr.  Sta.  Bui.  226,  14  p.,  illus.  1928. 

The  use  of  time  in  farm  homes.  J.  O. 
Rankin.  Nebr.  Sta.  Bui.  230,  50  p.,  illus. 
1928. 

Sizes  of  purchasing  centers  of  New  York 
farm  families.  H.  Canon.  N.  Y.  Cornell 
Sta.  Bui.  472,  15  p.,  illus.  1928. 

Rural  population  of  New  York,  1855  to 
1925.  B.  L.  Melvin.  N.  Y.  Cornell  Sta. 
Mem.  116,  121  p.,  illus.  1928. 

Living  conditions  among  white  land-owner 
operators  in  Wake  County.  W.  A.  An¬ 
derson.  N.  C.  Sta.  Bui.  258,  49  p.,  illus. 
1928. 


Social  organizations  and  agencies  in  North 
Dakota.  E.  A.  Willson.  N.  Dak.  Sta. 
Bui.  221,  79  p.,  illus.  1928. 

Educational  factors  influencing  the  activi¬ 
ties  of  farm  home-makers.  G.  Fernandes. 
Okla.  Sta.  Bui.  182,  14  p.  1928. 
Advantages  of  keeping  records  of  household 
accounts,  and  of  budget  making  G.  Fei’- 
nandes.  Okla.  Sta.  Circ.  72,  4  p.  1928.  . 
Equalizing  library  opportunities  in  South 
Dakota.  W.  F.  Kumlien.  S.  Dak.  Sta. 
Bui.  233,  31  p.,  illus.  1928. 

Making  rural  organizations  effective.  J. 
H.  Kolb  and  A.  F.  Wileden.  Wis.  Sta. 
Bui.  403,  27  p.,  illus.  1928. 

Special  interest  groups  in  rural  society.  J. 
H.  Kolb  and  A.  F.  Wileden.  Wis.  Sta. 
Res.  Bui.  84,  110  p.,  illus.  1927. 


REPORTS,  PERIODICALS,  REGULATORY,  AND 
MISCELLANEOUS  PUBLICATIONS 


REPORTS 

Thirty-eighth  annual  report,  fiscal  year  end¬ 
ing  June  30,  1927,  of  the  agricultural 
experiment  station  of  the  Alabama  Poly¬ 
technic  Institute,  Auburn.  M.  J.  Fun- 
chess  et  al.  32  p.,  illus.  1928. 

Report  of  the  Alaska  Agricultural  Experi¬ 
ment  Stations.  1927.  H.  W.  Alberts.  40 
p.,  illus.  1928. 

Fortieth  annual  report,  fiscal  year  ending 
June  oO,  1928.  D.  T.  Gray  et  al.  Ark. 
Sta.  Bui.  231,  82  p.,  illus.  1928. 

Report  of  the  agricultural  experiment  sta¬ 
tion  of  the  University  of  California  from 
July  1,  1927,  to  June  30,  1928.  E.  D. 
Merrill  et  al.  127  p.,  illus.  1929. 

The  forty-first  annual  report  of  the  Colo¬ 
rado  Agricultural  Experiment  Station  for 
the  year  1928.  C.  P.  Gillette  et  al.  48  p. 
[1929.] 

Report  of  the  director  for  the  year  ending 
.Tune  30,  1928.  W.  L.  Slate.  Conn. 
Storrs  Sta.  Bui.  150,  35  p.,  illus.  1928. 

Report  of  the  director  for  the  year  ending^ 
October  31,  1928.  W.  L.  Slate.  Conn. 
State  Sta.  Bui.  298,  p.  115-139,  illus. 
1928. 

Twenty-eighth  report  of  the  State  Entomolo¬ 
gist  of  Connecticut,  1928.  W.  E.  Britton. 
Conn.  State  Sta.  Bui.  305,  p.  66.5-768, 
illus.  1929. 

Annual  report  of  the  director  for  the  fiscal 
year  ending  June  30,  1928.  C.  A.  McCue 
et  al.  Del.  Sta.  Bui.  158,  43  p.,  illus. 
1928. 

University  of  Florida  Agricultural  Experi¬ 
ment  Station  report  for  the  fiscal  year 
ending  June  30,  1927.  W.  Newell  et  al. 
121R-fv  p.,  illus.  [1928.] 

Forty-first  annual  report.  Georgia  Experi¬ 
ment  Station,  for  the  year  1928.  H.  P. 
Stuckey.  43  p.,  illus.  1928. 

Eighth  annual  report  [Georgia  Coastal 
Plain  Station].  1927.  S.  H.  Starr.  Ga. 
Coastal  Plain  Sta.  Bui.  9,  63  p.  1928. 

Report  of  the  Guam  Agricultural  Experi¬ 
ment  Station,  1927.  C.  W.  Edwards.  17 
p.,  illus.  1929. 

Report  of  the  Hawaii  Agricultural  Experi¬ 
ment  Station,  1927.  J.  M.  Westgate  et 
al.  27  p.,  illus.  1928. 

Work  and  progress  of  the  agricultural 
experiment  station  for  the  year  ended 
December  31.  1927.  E.  J.  Iddings  et  al. 
Idaho  Sta.  Bui.  160,  32  p.  1928. 

A  year’s  progress  in  solving  farm  problems 
in  Illinois  :  Annual  report  of  Illinois 
Agricultural  Experiment  Station  for  the 
year  ended  June  30,  1928.  Compiled  and 
edited  by  F.  J.  Keilholz.  321  p.,  illus. 
1928. 
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Report  of  the  director  [Indiana  Station] 
for  the  year  ending  June  30,  1928.  G. 

I.  Clnlstie  and  H.  J.  Reed.  83  p.,  illus. 
[1928.] 

Fourteenth  annual  report  of  the  Creamery 
License  Division  for  the  year  ending 
March  31,  1928.  T.  H.  Binney.  Ind. 
Sta.  Circ.  153,  23  p.,  illus.  1928. 

Annual  report  [Iowa  Station]  for  fiscal 
year  ending  June  30,  1928.  C.  F. 

Curtiss.  64  p.  1928. 

Director’s  report  [Kansas  Agricultural  Ex¬ 
periment  Station]  for  the  biennium  July 

I,  1928,  to  June  30,  1928.  L. .  E.  Call. 
153  p..  illus.  1928. 

Thirty-ninth  annual  report  of  the  agricul¬ 
tural  experiment  station  of  the  Uni¬ 
versity  of  Kentucky.  Lexington,  for  the 
year  1926.  Part  II,  Bulletins  264  to 
276.  699  +  2  p.,  illus.  [1928.] 

Fortieth  annual  report  of  the  agricultural 
experiment  station  of  the  University  of 
Kentucky,  for  the  year  1927.  Part  I, 
Report  of  the  director.  Meteorological 
summaries.  T.  P.  Cooper.  41  +  3  p. 
[1923.] 

Fortieth  annual  report  of  the  Kentucky 
Agricultural  Experiment  Station  for  the 
year  1927.  Part  II,  Bulletins  277-282, 
Circulars  36-38.  343  +  51  p.,  illus. 

[1929.] 

Sixty-sixth  annual  report  of  the  Secretary 
of  the  State  Board  of  Agriculture  of  the 
State  of  Michigan  and  the  thirty-ninth 
[fortieth]  annual  report  of  the  experi¬ 
ment  station  from  Julv  1,  1926  to  June 
30,  1927.  II.  H.  Halladay  and  R.  S. 
Shaw.  379  p..  illus.  1928. 

[Michigan]  Agricultural  Experiment  Sta¬ 
tion,  [summary  report  of  the  director], 
two  years  ending  June  30,  1928.  V.  R. 
Gardner.  36  p.  [1929.] 

[Minnesota]  Agricultural  Experiment  Sta¬ 
tion,  thirty-sixth  annual  report,  July  1, 

1927,  to  June  30.  1928.  W.  C.  Coffey. 
63  p.,  illus.  1929. 

Report  of  Northeast  Experiment  Station, 
Duluth  [Minnesota],  1926  and  1927.  M. 

J.  Thompson.  60  p.,  illus.  [1928.] 
Report  of  Holly  Springs  Branch  Experi¬ 
ment  Station,  1927.  C.  T.  Ames  and 
O.  B.  Casanova.  Miss.  Sta.  Bui.  253, 
31  p.,  illus.  1927. 

Report  of  Holly  Springs  Branch  Experiment 
Station,  1928.  C.  T.  Ames  and  O.  B. 
Casanova.  Miss.  Sta.  Bui.  264,  42  p., 
illus.  1928. 

Report  Raymond  Branch  Experiment  Sta¬ 
tion,  1927.  H.  F.  Wallace.  Miss.  Sta. 
Bui.  252,  23  p.  1927. 

Report  Raymond  Branch  Experiment  Sta¬ 
tion,  1928.  H.  F.  Wallace  and  J.  L. 
Cooley,  jr.  Miss.  Sta.  Bui.  262,  40  p., 
illus.  1928. 

Report  of  the  South  Mississippi  Branch 
Experiment  Station  for  1928.  W.  R. 
Perkins,  W.  S.  Anderson,  and  W.  W. 
Welborne.  Miss.  Sta.  Bui.  266,  38  p. 

1928. 

Some  outstanding  accomplishments  of  the 
Montana  Agricultural  Experiment  Sta¬ 
tion. — Thirty-fourth  annual  report,  July 
1.  1926,  to  June  30,  1927.  F,  B.  Linfield 
et  al.  104  p.,  illus.  [1928.] 

Montana  insect  pests  for  1927  and  1928. — 
The  twenty-second  report  of  the  State 
Entomologist  of  Montana.  J.  R.  Parker 
and  W.  B.  Mabee.  Mont.  Sta.  Bui.  216, 
23  p.,  illus.  1928. 

Forty-first  annual  report  of  the  agricultural 
experiment  station  of  Nebraska,  [1927]. 
W.  W.  Burr  et  al.  43  p.  1928. 

Annual  report  of  the  board  of  control 
[Nevada  Station]  for  the  fiscal  year  end¬ 
ing  June  30.  1927.  S.  B.  Doten  et  al.  29 
p.,  illus.  1928. 


New  Hampshire  Agricultural  Experiment 
Station  report  for  1928.  J.  C.  Kendall. 
N.  H.  Sta.  Bui.  238,  35  p.,  illus.  1929. 
Forty-ninth  annual  report  of  the  New 
Jersey  State  Agricultural  Experiment 
Station  and  the  forty-first  annual  report 
of  the  New  Jersey  Agricultural  College 
Experiment  Station  for  the  year  ending 
June  30,  1928.  J.  G.  Lipman  et  al. 
xxix  +  336  p.,  illus.  [1928.] 

Thirty-ninth  annual  report  agricultural 
experiment  station  of  the  New  Mexico 
College  of  Agriculture  and  Mechanic  Arts, 
1927-1928.  F.  Garcia.  68  p.,  illus. 
1928. 


Forty-seventh  annual  report  of  the  New 
York  State  Agricultural  Experiment  Sta¬ 
tion  for  the  fiscal  year  ended  June  30, 
1928.  F.  B.  Morrison.  64  p.  [1928.] 
Forty-first  annual  report  of  New  York  State 
College  of  Agriculture  at  Cornell  Uni¬ 
versity  and  of  Cornell  University  Agri¬ 
cultural  Experiment  Station,  1928.  A.  R. 
Mann  et  al.  170  p.  1929. 

Fiftieth  annual  report  of  the  North  Caro¬ 
lina  Agricultural  Experiment  Station  .  .  . 
for  the  fiscal  year  ended  June  30,  1927. 
Statistical  summary  for  the  year  ending 
December  1,  1927.  R.  Y.  Winters  et  al. 
117  p.,  illus.  1928. 

Experiment  station  progress :  Report  for 
the  biennium.  July  1,  1925,  to  June  30, 
1927.  P.  F.  Trowbridge  et  al.  N.  Dak. 
Sta.  Bui.  217,  102  p.,  illus.  1928. 
Willistou  Substation  report  for  April  1, 

1927,  to  March  31,  1928.  E.  G.  Schol- 
lander.  N.  Dak.  Sta.  Bui.  219,  28  p., 
illus.  1928. 

Williston  Substation  report,  April  1,  1928, 
to  March  31,  1929.  B.  G.  Schollander. 
N.  Dak.  Sta.  Bui.  227,  36  p.,  illus.  1929. 
Forty-seventh  annual  report  of  the  Ohio 
Agricultural  Experiment  Station  for  the 
year  ended  June  30,  1928.  C.  G.  Wil¬ 
liams.  Ohio  Sta.  Bui.  431,  180  p.,  illus. 
1 929 

Field  \\mrk  of  the  Ohio  Agricultural  Experi¬ 
ment  Station,  Wooster,  Ohio.  Ohio  Sta. 
[Pamphlet],  35  p.,  illus.  [1928.] 
Director's  biennial  report,  Oregon  Agricul¬ 
tural  Experiment  Station,  1924-1926.  J. 
T.  Jardine  et  al.  133  p.  1928. 
Director's  biennial  report  [Oregon  Agri¬ 
cultural  Experiment  Station],  1926-1928. 
J.  T.  Jardine.  133  p.  1928. 

Forty-first  annual  report  of  the  Pennsyl¬ 
vania  Agricultural  Experiment  Station  .  .  . 
for  the  fiscal  year  ending  June  30, 

1928.  R.  L.  Watts  et  al.  Pa.  Sta.  Bui. 
230,  56  p.,  illus.  1928. 

Report  of  the  Porto  Rico  Agricultural  Ex¬ 
periment  Station,  1927.  D.  W.  May  et 
al.  31  D.,  illus.  1929. 

Forty-first  annual  report  of  the  South  Caro¬ 
lina  Experiment  Station  of  Clemson  Agri¬ 
cultural  College  for  the  year  ended  June 
30.  1928.  H.  W.  Barre.  95  p.,  illus. 
1928. 

Annual  report  of  the  director  [of  the  South 
Dakota  Agricultural  Experiment  Station] 
for  the  fiscal  year  ending  June  30,  1928. 
J.  W.  Wilson.  32  p.  1929. 

Fortieth  annual  report  [Tennessee  Sta.], 
1927.  C.  A.  Mooers  et  al.  43  p.,  illus. 


1928.  _  ^  . 

Forty-first  annual  report  [Tennessee  Agri¬ 
cultural  Experiment  Station],  1928.  C. 
A.  Mooers  et  al.  55  p..  illus.  [1929.] 
Fortieth  annual  report  [Texas  Agricultural 
Experiment  Station],  1927.  A.  B.  Con¬ 
ner  et  al.  128  p.,  illus.  [1928.] 

Biennial  report  of  the  director,  July  1, 
1926— June  30,  1928.  W.  Peterson. 

Utah  Sta.  Bui.  209,  84  p.  1929. 
Forty-first  annual  report,  1927-1928.  J.  L. 
Hills.  Vt.  Sta.  Bui.  291,  16  p.  1928. 


PUBLICATIONS  OF  THE  STATIONS  (  19  2  8-2  9  ) 
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Annual  report  of  the  Virginia  Polytechnic 
Institute  Agricultural  Experiment  Sta¬ 
tion,  for  the  period  July  1,  1919,  to  June 
30,  1927.  A.  W.  Drinkard,  jr.,  et  al.  168 
p.  [1928.] 

Thirty-eighth  annual  report  for  the  fiscal 
year  ended  June  30,  1928.  E.  C.  Johnson 
et  al.  Wash.  Col.  Sta.  Bui.  229,  71  p. 
1928. 

Annual  report  of  the  Western  Washington 
Experiment  Station  for  the  fiscal  year 
ending  March  31,  1928.  J.  W.  Kalkus 
et  al.  West.  Wash.  Sta.  Bui.  10-W.,  52 
p.,  illus.  1928. 

What’s  new  in  farm  science :  Annual  re¬ 
port  of  the  director,  1927-1928.  H.  L. 
Russell  et  al.  Wis.  Sta.  Bui.  405,  128 
p.,  illus.  1929. 

Thirty-eighth  annual  report  of  the  Univer¬ 
sity  of  Wyoming  Agricultural  Experiment 
Station,  1927-1928.  J.  A.  Hill  et  al. 
p.  135-171.  [1929.] 

PERIODICALS 

Quarterly  Bulletin,  Michigan  Agricultural 
Experiment  Station. — vol.  11  (1928- 

1929),  no.  1,  42  p.,  illus.;  no.  2,  p.  45- 
90,  illus.  ;  no.  3,  p.  95—150,  illus.  ;  no.  4, 
p.  153-214,  illus. 

Bimonthly  Bulletin,  Ohio  Agricultural  Ex¬ 
periment  Station. — vol.  13  (1928),  no.  4, 
p.  129-160,  illus.  ;  no.  5,  p.  161-192, 
illus. :  no.  6,  p.  193—232,  illus. ;  vol.  14 
(1929),  no.  1,  32  p.,  illus.;  no.  2,  p.  35- 
64,  illus.  ;  Bui.  138,  p.  65-112,  illus. 

REGULATORY  PUBLICATIONS,  FERTILIZERS 

Report  on  inspection  of  commercial  fertiliz¬ 
ers,  1928.  E.  M.  Bailey.  Conn.  State 
Sta.  Bui.  296,  95 +  x  p.  1928. 
Commercial  fertilizers.  H.  R.  Krayhill  et 
al.  Ind.  Sta.  Circ,  155,  70  p.,  illus. 
1928. 

Analyses  of  commercial  fertilizers.  H.  E. 
Curtis,  11.  R.  Allen.,  and  L.  Gault.  Ky, 
Sta.  Bui.  282,  p.  257-343.  1927. 

Commercial  fertilizers,  1928.  J.  M.  Bart¬ 
lett.  Me.  Sta.  Off.  Insp.  129,  p.  61-84. 
1928. 

Inspection  of  commercial  fertilizers.  H. 
D.  Haskins.  H.  R.  DeRose,  and  M.  W. 
Goodwin.  Mass.  Sta.  Control  Ser.  Bui. 
45,  47  p.  1928. 

Inspection  of  agricultural  lime  products. 
H.  D.  Haskins  and  M.  W.  Goodwin, 
Mass.  Sta.  Control  Ser.  Bui.  46,  7  p. 
1928. 

Testing  fertilizers  for  Missouri  farmers, 

1927.  L.  D.  Haigh.  Mo.  Sta.  Bui.  260, 
62  p.,  illus.  1928. 

Testing  fertilizers,  spring.  1928.  ,  L.  D. 

Haigh.  Mo.  Sta.  Bui.  263,  12  p.  1928. 
Inspection  of  commercial  fertilizers  for 

1928,  made  for  the  State  Department  of 
Agriculture.  T.  G.  Phillips,  T.  O.  Smith, 
and  F.  S.  Schlenker.  N.  H.  Sta.  Bui.  237, 
12  p.  1929. 

Analyses  of  commercial  fertilizers,  ferti- 
liz  r  supplies,  and  home  mixtures  for 

1928.  C.  S.  Cathcart.  N.  J.  Stas.  Bui. 
479,  39  p.  1928. 

Analyses  of  commercial  fertilizers  and 
ground  bone ;  analyses  of  agricultural 
lime,  1928.  C.  S.  Cathcart.  N.  J.  Stas. 
Bui.  481,  29  p.  1928. 

Fertilizer  registrations  for  1929.  C.  S. 
Cathcart.  N.  J.  Stas.  Bui.  482,  24  p. 

1929. 

Commercial  fertilizers :  I,  Histoi*y  of  fer¬ 
tilizer-control  work  of  the  station ;  II, 
composition  and  cost  of  commercial  fer¬ 
tilizers  in  New  York  State  from  1913  to 
1928.  L.  L.  Van  Slyke.  N.  Y.  State 
Sta.  Eul.  557,  24  p.  1928. 


Commercial  fertilizers,  1929  edition.  R. 
II.  Robinson,  C.  F.  Whitaker,  and  D.  E. 
Bnllis.  Greg.  Sta.  Circ.  87,  24  p.  1929. 
Inspection  of  fertilizers.  J.  B.  Smith  and 
W.  L.  Adams.  R.  I.  Sta.  Ann.  Fert. 
Circ.,  12  p.  1928. 

Analyses  of  commercial  fertilizers.  R.  N. 
Brackett  and  D.  H.  Henry.  S.  C.  Sta. 
Bui.  250,  66  p.  1928. 

Commercial  fertilizers  in  1927-28  and  their 
uses.  G.  S.  Fraps  and  S.  E.  Asbury. 
Tex.  Sta.  Bui.  387,  46  p.  1928. 
Commercial  fertilizers.  L.  S.  Walker  and 
E.  F.  Boyce.  Vt.  Sta.  Bui.  287,  24  p. 
1928. 


REGULATORY  PUBLICATIONS,  FEEDING 
STUFF'S 

Report  on  inspection  of  commercial  feed¬ 
ing  stuff's,  1928.  E.  M.  Bailey.  Conn. 
State  Sta.  Bui.  303,  p.  473-578 +  xix. 
1929. 

Commercial  feeding  stuffs.  H.  R.  Krayhill 
et  al.  Ind.  Sta.  Circ.  156,  40  p.,  illus. 
1928. 

Commercial  feeds  and  their  use  in  Ken¬ 
tucky  in  1927.  J.  D.  Turner  et  al.  Ky. 
Sta.  Bui.  284,  p.  45-109,  illus.  1928. 
Commercial  feeding  stuffs,  1927-1928.  J. 

M.  Bartlett.  Me.  Sta.  Off.  Insp.  128, 

p.  17-60.  1928. 

Inspection  of  commercial  feedstuff’s.  P.  H. 
Smith  et  al.  Mass.  Sta.  Control  Ser. 
Bui.  44,  28  p.  1928. 

Inspection  of  commercial  feeding-stuffs, 
1928,  made  for  the  State  Department  of 
Agriculture.  T.  G.  Phillips,  T.  O.  Smith, 
and  F.  S.  Schlenker.  N.  H.  Sta.  Bui. 
236,  50  p.  1928. 

Analyses  of  commercial  feeding  stuffs  and 
registrations  for  1928.  C.  S.  Cathcart. 

N.  J.  Stas.  Bui.  471,  102  p.  1928. 
Composition  and  cost  of  commercial  feed¬ 
ing  stuffs  in  1927.  A.  W.  Clark  et  al. 
N.  Y.  State  Sta.  Bui.  556,  39  p.  1928. 

Inspection  of  feeds.  J.  B.  Smith  and  J.  E. 
Blaney.  R.  I.  Sta.  Ann.  Feed  Circ.,  8  p. 
1928. 

Inspection  of  feeds.  W.  L.  Adams  and 

J.  E.  Blaney.  R.  I.  Sta.  Ann.  Feed 
Circ.,  12  p.  1929. 

Commercial  feeding  stuffs,  from  September 
1,  1927,  to  Augu.^t  31,  1928.  F.  D. 
Fuller.  Tex.  Sta.  Bui.  392,  188  p.  1928. 
Commercial  feeding  stuffs.  L.  S.  Walker 
and  E.  F.  Boyce.  Vt.  Sta.  Bui.  281, 

32  p.  1928. 

Commercial  feeding  stuffs.  L.  S.  Walker 
and  E.  F.  Boyce.  Vt.  Sta.  Bui.  290,  38 
p.  1928. 


REGULATOR  Y  PUBLICATIONS,  FOODS  AND 
DRUGS 

The  thirty-second  report  on  food  products 
and  the  twentieth  report  on  drug  prod¬ 
ucts,  1927.  E.  M.  Bailey.  Conn.  State 
Sta.  Bui.  295,  p.  305-355.  1928. 

Foods  and  drugs.  J.  M.  Bartlett.  Me. 
Sta.  Off.  Insp.  127,  16  p.  1928. 


REGULATORY  PUBLICATIONS,  SEEDS 

Commercial  agricultural  seeds.  1928 ;  in¬ 
secticides  and  fungicides,  1928.  J.  M. 
Bartlett  et  al.  Me.  Sta.  Off.  Insp.  130,. 
p.  85-116.  1928. 

Seed  inspection.  P.  H.  Smith  et  al.  Mass. 

Sta.  Control  Ser.  Bui.  47,  11  p.  1929. 
Results  of  seed  tests  for  1928.  made  for 
the  State  Department  of  Agriculture.  B. 
I.  G1  dden.  N.  H.  Sta.  Bui.  235,  17  p. 
1928. 
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Results  of  seed  and  legume  inoculant  in¬ 
spection  for  1928.  J.  G.  Fiske.  N.  J. 
Stas.  Bui.  484,  104  p.  1929. 
Agricultural  seed.  A.  S.  Lutman.  Vt.  Sta. 
Bui.  288,  8  p.  1928. 


EEGULATOEY  PUBLICATIONS,  MISCELLA¬ 
NEOUS 

The  composition  of  some  commercial  in¬ 
secticides,  fungicides,  bactericides,  ro- 
denticides,  and  weed  killers.  A  com¬ 
pilation.  H.  J.  Fisher  and  E.  M.  Bailey. 
Conn.  State  Sta.  Bui.  300,  p.  205-368. 
1929. 

Analyses  of  materials  sold  as  insecticides 
and  fungicides  during  1928.  C.  S.  Cath- 
cart  and  R.  L.  Willis.  N.  J.  Stas.  Bui. 
478,  14  p.  1928. 


PUELICATION  LISTS  AND  MISCELLANEOUS 

Publications  available  for  free  distribution. 

Idaho  Sta.  Circ.  54,  4  p.  1929. 
Information  regarding  recent  publications. 

Kans.  Sta.  Circ.  141,  6  p.  1928. 

A  review  of  some  important  papers  pub¬ 
lished  during  the  year.  C.  S.  Platt.  N. 
J.  Stas.  Hints  to  Poultrymen,  vol.  17, 
no.  2,  4  p.  1928. 

Available  publications.  N.  Y.  State  Sta. 

Circ.  105,  7  p.  [1928.] 

Abstracts  of  Bulletins  366-392  and  Circu¬ 
lars  48-52.  A.  D.  Jackson.  Tex.  Sta. 
Circ.  54,  27  p.  1928. 

Annual  summary  of  publications.  B. 
Condit-Pittman.  Utah  Sta.  Circ.  73,  12 
p.  1928. 

The  Utah  Agricultural  Experiment  Station. 
P.  V.  Cardon.  Utah  Sta.  Circ.  76,  4  p. 
1929. 


INCOME,  EXPENDITURES,  AND  OTHER  STATISTICS,  1929 

By  J.  I.  Schulte 

The  following  tables  give  detailed  data  regarding  (1)  personnel,  publications, 
and  mailing  lists  of  the  experiment  stations;  (2)  revenues  and  additions  to 
equipment;  (3)  expenditures  from  the  Hatch,  Adams,  and  Purnell  funds;  and 
(4)  total  disbursements  from  the  United  States  Treasury  under  the  Hatch, 
Adams,  and  Purnell  Acts  from  their  passage  to  the  end  of  the  fiscal  year,  June 
30,  1929. 

Table  3. — Personnel,  puT)lications,  and  mailing  lists  of  the  experiment  stations, 

1929 


station 

Date  of  origi¬ 
nal  organiza¬ 
tion 

Date  of  organi¬ 
zation  under 
Hatch  Act 

Persons 
on  staff 

Teach¬ 
ers  on 
staff 

Persons 
on  staff 
who 
assist 
in  ex¬ 
tension 
work 

Publications 
during  fiscal 
year 

Names 
on  mail¬ 
ing  list 

Alabama. . . 

Feb.  —1883 

Feb.  24,1888 

40 

15 

Number 

4 

Pages 

116 

3, 360 
3, 525 
3,000 

Alaska _ 

5 

4 

104 

- , 1889 

37 

25 

15 

343 

- , 1887 

42 

28 

16 

808 

6, 000 
4, 000 

- , 1875 

Mar.  — ,  1888 

166 

101 

124 

45 

1,876 

351 

Colorado _ ... _ 

Feb.  29,1888 

65 

32 

14 

13 

2,  200 

Connecticut  (State) _ 

Oct.  1, 1875 

May  18, 1887 
_ do  . 

39 

5 

18 

892 

13,  086 
10,  500 
6,  200 
10,  000 
7,  500 

23 

12 

2 

13 

500 

Delaware _ 

Feb.  21,1888 
- ,  1888 

24 

7 

4 

6 

224 

Florida . . 

60 

1 

22 

744 

Georgia _ 

Feb.  18,1888 

July  1, 1889 

23 

1 

28 

384 

Guam . . 

5 

1 

17 

Hawaii _ 

8 

1 

29 

1,500 
21,  500 

Idaho _ _ _ 

Feb.  26,1892 

51 

28 

6 

13 

176 

Illinois. _ 

Mar.  21, 1888 
Jan.  — ,  1888 
Feb.  17,1888 
Feb.  8, 1888 

133 

81 

38 

471 

3,282 

26, 000 
36,  585 

Indiana . . . 

- ,  1885 

105 

21 

55 

1,415 

Iowa _ 

104 

47 

38 

1,648 

19,  405 
13,  750 
12,  800 

Kansas _ _ 

102 

75 

12 

549 

Kentucky . . 

Sept.  — .  1885 
Apr.  —,1886 
Mar.  — ,  1885 

Apr.  —1888 

70 

25 

5 

13 

582 

Louisiana _ 

40 

6 

1 

1 

23 

5,  000 
17,  325 
65,  500 

Maine _ _ 

Oct.  1, 1887 
Apr.  —1888 
Mar.  2,1888 
Feb.  26,1888 
- 1888 

31 

2 

12 

304 

Maryland 

45 

29 

7 

71 

438 

Massachusetts.  . 

- ’  1882 

72 

18 

25 

364 

1,730 

1,645 

593 

15,000 
33,  000 

Michigan  ... _ 

107 

123 

65 

12 

48 

Minnesota, 

Mar.  7,1885 

123 

78 

92 

36,  000 
18,  000 
4,  732 

Mississippi... _ _ 

Jan.  27il888 
Jan.  —,  1888 
July  1, 1893 
June  13, 1887 
Dec.  —1887 
Aug.  4,1887 

51 

15 

45 

Missouri . 

83 

57 

65 

1,218 

Montana _ _ 

49 

17 

8 

10 

524 

6,  000 
14, 395 

Nebraska _ ... 

Dec.  16,1884 

47 

17 

'  10 

355 

Nevada _ _ 

1  17 

2 

53 

5,  000 

New  Hampshire 

- 1886 

40 

1  82 

18 

} 

9 

21 

452 

345 

2,216 

8, 000 
21,  675 

New  Jersey  (State) _ 

Mar.  10, 1880 

27 

New  Jersey  (College)... 

Apr.  26,1888 
Dec.  14,1889 
Apr.  —1888 

35 

New  Mexico. . . 

28 

13 

5 

52 

316 

10, 000 
76,  255 
10,  600 
8,  670 
8,  300 
70, 000 
3,  433 
1,750 

New  York  (Cornell)... 
New  York  (State) . 

- ,  1879 

Mar.  — ,  1882 

87 

1  56 

79 

4 

300 

36 

1,889 

1,056 

764 

North  Carolina.. 

Mar.  12, 1877 

1 

Mar.  7, 1887 

48 

11 

1 

18 

North  Dakota . . 

Mar.  — ,  1890 

61 

19 

1 

13 

462 

Ohio.  ... _ 

Apr.  25,1882 

Apr.  2, 1888 
Oct.  27, 1890 
July  — ,  1888 
June  30, 1887 

118 

25 

2 

96 

1,356 

125 

Oklahoma _ _ 

43 

34 

6 

Oregon _ 

68 

30 

31 

.  828 

Pennsylvania..  . . 

108 

79 

27 

770 

31, 000 
3, 000 
5,  000 

Porto  Rico _ 

8 

1 

31 

Rhode  Island . . 

July  35, 1888 
Jan.  — ,  1888 
Mar.  13, 1887 

22 

2 

13 

257 

South  Carolina _ 

42 

6 

6 

13 

508 

7,  000 
5,  000 
13,  680 
67, 182 
10,  000 
4,  200 
12,  000 

South  Dakota _ 

31 

22 

3 

9 

268 

Tennessee..  _ _ 

June  8, 1887 

Aug.  4, 1887  j 
Apr.  3, 1889 
- ,  1890 

32 

2 

16 

118 

Te.xas.. . . 

89 

30 

12 

997 

344 

Utah _ 

37 

26 

5 

Vermont. _ _ 

Nov.  24, 1886 
- ^ 1888 

Feb.  28, 1888 
- ^ 1891 

22 

10 

1 

15 

500 

661 

Virginia 

39 

4 

11 

2 

8 

Virgin  Islands _  ... 

1 

1 

600 

Washington.. _ 

—  — ,  1891 

52 

24 

13 

553 

16,  247 
28, 114 

West  Virginia . 

June  11, 1888 
-  1887  1 

50 

116 

28 

87 

7 

58 

22 

362 

759 

Wisconsin 

- ^ 1883 

67 

59,310 
8,  000 

Wyoming _ _  . 

Mar.  L1891 

37 

15 

1 

9 

216 

Total _ 

_ i 

3, 096 

1,438 

441 

2,  440  j 

36,  988 

909, 879 

1  Including  26  also  on  college  station  staff,  not  included  in  total. 
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Table  4. — Revenues  and  expenditures 


station 


Alabama _ 

Alaska  2 _ 

Arizona _ 

Arkansas _ 

California _ 

Colorado _ 

Connecticut  (State)... 
Connecticut  (Storrs).. 

Delaware.. _ 

Florida _ _ _ 

Georgia _ 

Guam  2 _ 

Hawaii  2 _ 

Idaho _ 

Illinois _ 

Indiana _ 

Iowa _ 

Kansas _ 

Kentucky _ 

Louisiana _ 

Maine _ 

Maryland _ 

Massachusetts _ 

Michigan _ 

Minnesota _ 

Mississippi _ 

Missouri _ 

Montana _ 

Nebraska _ 

Nevada _ 

New  Hampshire _ 

New  Jersey  (State) _ 

New  Jersey  (College) . 

New  Mexico _ 

New  York  (State) _ 

New  York  (Cornell).. 

North  Carolina _ 

North  Dakota _ 

Ohio _ 

Oklahoma _ 

Oregon _ 

Pensylvania _ 

Porto  Rico  2 _ 

Rhode  Island _ 

South  Carolina _ 

South  Dakota _ 

Tennessee _ 

Texas _ 

Utah _ 

Vermont _ 

Virginia _ 

Virgin  Islands  2 _ 

Washington _ 

West  Virginia _ 

Wisconsin _ 

Wyoming _ 


Revenues 


Federal 


Hatch 

fund 


$15, 000 


Adams 

fund 


$15, 000 


Purnell 

fund 


$50, 000 


State 


$155,  724.  20 


Balances 
from  previous 
year  1 


$43, 320.  22 


Fees 


Sales 


$20,  541. 01 


15, 000 
15.  000 
15,  000 
15,  000 
7,  500 
7,  500 
15,  000 
15,  000 
15,  000 


15,  000 
15,  000 
1,5,  000 
15,  000 
7,  ,500 
7,  ,500 
15,  000 
1,5,  000 
15,  000 


50,  000 
50,  000 
50,  OOOl 
50,  000 
25,  000 
25,  000 
50,  000 
,50,  000 
50,  000 


103,  638.  02 
176,  677.  44 
679,  551.  30 
124,  065.  76 
187,  065.  74 
37,  000. 00 
18,  500.  00 
313,  055.  00 
50,  000. 00 


1,  785.  43 


9, 184.  94 
18, 190.  28 


3,  070. 19 
1,  783.  29 
22,  433.  52 
5, 198.  03 


$12, 155.  43 


20,  300.  00 


6,  447.  97 
28,  649. 18 
100,  610.  59 
44,  992.  46 


18,  622. 15 
20,  357.  47 
11,75,5.  07 


Total. 


15, 000 
15,  000 
15,  000 
15, 000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 


15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
1.5,  000 
15,  000 
1.5,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 


50,  000 
50,  000 
50,  000 
50,  000 
50,  000 
50,  000 
50,  000 
50,  000 
50,  000 
50,  000 
50,  000 
50,  000 
50,  000 
50,  000 
50,  000 
50,  000 
50,  000 
50,  000 


44,  909. 19 
391,  226.  25 
339,  223.  24 
235,  000.  00 
104,  240.  00 
139,  500.  00 
97,  233.  3 
35,  000. 00 
73,  387 

157,  887.  24 
301,669.  27 
285,  573.  93 
214, 121.  49 

42,  249.  27 
116,  343.  24 

158,  422.  27, 

4,  351.  49 

5,  500. 00 
325,  212.  36 


827.  00 
34,  224.  57 
109,  838.  64 
6,  673. 13 
12,  835.  26 
31,  899.  82 
.3,  413. 11 
8,  500.  63 
2, 151.  58 


153, 198.  49 


72, 144.  75 
123,  425.  83 
34, 160.  92 
11,  342.  07 


70,  593.  88 


11,  819. 19 
34,  582.  42 
5,  305.  88 


36,  877.  58 


15,  000 
15,  000 
1,500 
13,  500 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 


15,  0001 
15,  000 
1,  .50n 
13,  500 
15,  000 
15,  000 
15,  000 
15,  000 
15.  000 
15,  009 


15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 


15,  000 
15,  000 
15.  000 
15,000 
1.5,  000 
15,  000 
15,  000 
15,  000 


15,  000 
15,  000 
15,  000 
15,  000 


15,  000 
15, 000 
15, 000 
15,  000 


720,  000 


720,  000 


50. 000 
50,  000 
5,  000 
45,  000 
50,  000 
50,  000 
50,  000 
50,  000 
.50,  000 
50,  000 


7,  500.  00 
318,  710.  00 
305, 106.  28 
124,  954.  97 
1,  000.  00 
916,  062-  67 
40,  000.  00 
193,  000.  00 
120, 429. 19 


50,  000 
50,  000 
50,  000 
50,  000 
50, 000 
50,  000 
50,  000 
50,  000 


84, 483.  48 
29,  791.  75 
40,  757.  52 
334,  714.  70 
53, 186.  60 


82,  225.  00 


50.  000 
50,  000 
50,  000 
50,  000 


117,  979.  03 
93,  500.  00 
288,  047.  45 
53,  025.  07 


2, 400,  000 


8, 120,  801. 


735.  90 
2.  459.  37 


49,  361.  27 


3. 

105, 

92, 

46, 

16, 

60, 

14, 

14, 

30, 
19, 

31, 

110, 

32, 
66, 
34, 
65, 

4, 

2, 

44, 


086.  90 
718.  58 
247.  78 
025.  96 
159. 16 
499.  23 
221.  23 
243.  88 
329. 12 
303.  34 
146.  24! 
177.  04 
610. 92 
947.  35 
882.  54 
490.  00 
979.  22 
570.  32 
940.  43 


14, 171.  95 
6,  285. 19 


3,  376.  71 
163,  905.  39 
464,  772.  87 
7,  724.  74 
52,  959. 47 


4,  700.  43 


13, 457. 16 
16,  873.  72 
36,  874.  28 
66,  306.  50 
86,  446. 16 
86,  094.  21 
15,  630. 11 
80, 485.  35 
31, 102.  26 


4,  487.  60 
’ii,’8W.'93 


5,  538.  00 


52,  033.  85 


57.  71 
2,  608.  03 


19,  756.  23 


6, 143.  68 
72,  620.  58 

14,  905.  53 

24,  570.  70 
131,  951. 90 

25,  811.  40 
1,  274.  60 

15,  385.  56 


16,  309.  58 
2, 167.  65 


56, 174.  40 
54,  273. 12 
83,  395.  34 
29, 138.  70 


1, 172,  908.  07 


613,  554.  88 


1,  996, 470.  40 


>  Not  including  balances  from  Federal  funds. 

2  Supported  by  direct  appropriations  to  the  U.  S.  Department  of  Agriculture. 


INCOME,  EXPENDITURES,  AND  OTHER  STATISTICS,  192  9  93 


for  additions  to  equipment,  1929 


Revenues— Continued 


Additions  to  equipment 


Miscella¬ 

neous 


$16, 196. 32 
85,  000.  00 


35,  633.  29 
2,  777. 11 
7,  071.  76 
17,  202.  74 


25,  000.  00 
54,  940.  00 


61,  840.  70 


5,  890.  00 
1,  544. 41 


35,  686.  38 


598.  76 
18,  747.  61 
6, 900.  00 
13, 452.  45 
46.  48 


7,  228.  41 

4,  025.  00 

8,  000.  00 

5,  603.  01 

”6’55i'30 
2,  590.  66} 
56,  460.  001 


5,  234.  70 


70,  360.  58 


25,  000.  00 


55, 149.  57 


Total 


Buildings 


$315,  781.  75 
85,  000.  00 
191,  871.  42 
285,  326.  62 
917, 135.  55 
270,  025.  61 
254, 437.  50 
97,  272.  93 
118,  905.  44 
435.  845.  99 

146. 953. 10 
25,  000.  00 
54,  940.  00 

128,  823.  09} 
611, 169.  40 
836,  348.  85 
367,  699.  09 
285,  379. 17 
441,  214.  88 
230,  573.  04 
149,  086.  58 
221,  554.  38 
327,  784.  46 
413,  414.  27 
494.  498.  58 
345, 451.  60 
274, 109.  07 
236,  578. 14 
303,  912.  27 
90,  066.  61 
119, 965.  23 
419,  664.  06 
80,  000.  00 

115.129.11 
349,  868. 91 
421,  208. 97 
278,  663. 18 
339,  351.  55 

1,  552,  532.  76 
143,  354.  85 
417,  697.  55 

234. 122. 11 
56,  460.  00 
96, 169.  28 

237, 104.  06 
141,  746.  91 
145,  328.  22 
669,  061.  03 
158, 998.  00 
101,  088.  54 
180.  218.  59 
25,  000.  00 
270.  463.  01 
229,  940.  77 
506,  592.  36 
162, 163.  77 


$48, 115. 14 
13, 935.  30 
2, 425.  55 
98,  962.  20 
90,  378.  58 
5,  868.  00 
3,  862.  79 

2,  805.  53 

3,  476.  47 
18,  888.  57 


5,  000.  00 


102,  993.  83 
3,  550.  09 
9, 476.  69 

'’5.'084.'98 
2,  466.  83 
2,  295. 13 
1, 974. 94 
2,  679.  00 
33,  600.  91 
182,  630.  00 


1,  600.  00 
7, 160.  47 
1,  026.  75 
1, 172.  09 


2,  339.  72 
480.  00 

3,  821. 17 
25, 195.  42 


35,  923.  64 
241.  88 
4,  394.  06 
116,  800.  00 


7,  304.  00 
12,  000.  00 
360.  00 
15, 913.  67 
11,061.80 

2,  891.  66 
5, 107.  22 

3,  000.  00 


Library 


$1, 324.  55 
36.  45 


2,  549.  45 
10,  000.  00 
1, 193.  00 
1, 162. 13 
1,  051.  00 
928. 49 
3, 163. 11 
1,  300.  00 


200.  00 


2,  254.  82 
4,  078.  34 
39.  65 
658.  77 
131.35 
1,  034.  30 
640.  07 
594.  41 
1, 436.  75 
1,  590.  57 
6,  407.  29 
1,113. 95 
1, 150.  00 
483.  35 
85.  00 
716.  92 
2, 108.  24 


288.  69 
2,  326.  41 
2,  770.  21 
758.  86 
836.  42 
417.  27 
375.  66 
41.47 
54.  26 


Apparatus 


$7, 403.  87 
426.  82 


7, 490.  68 


4,  895.  00 
1,817. 1 
621.  58 
1,  649.  35 
11,  700.  40 
3,  000.  00 


1,  500.  00 


5,  660.  92 

4,  736,  45 
1, 981. 44 

1,  201.  41 

2,  685.  93 
2,  332.  84 

828.  89 
2, 945.  65 
3, 905.  50 

5,  256.  72 
15,  350.  23 
11,111. 

1,  635.  00 

6,  293.  54 
228.  58 

2,  020.  91 
13,  528.  64 


1,  366. 45 

3,  810.  77 

5,  519.  78 
1, 434.  82 

2,  353.  54 

4,  310.  98 
2,  254.  45 
2,  615.  48 

6,  250.  20 


2, 163.  22 
9,  689. 19 


6,  305.  00 


448.  00 
760.  00 
100.  00 
381.  20 
3,  897. 16 
521. 15 
196.  85 
800.  00 
40.  74 
2,  388.  27 
798.  61 
1,  505.  75 
800.  00 


452.  00 
3,  200.  00 
2,  000.  00 
1,  296.  88 
9,  020. 10 
1,  339.  00 

1,  525.  09 

2,  700.  00 

38.  39 
275. 18 

2,  907.  67 
16,  750.  40 

3,  400.  77 


664,317.78  16,408,052.21  916,421.40  67,938.94  196,931.33  236,244.71  184,483.20  461,862.66  2,06.3,882.24 


Farm  im¬ 
plements 


$16, 849.  69 
987.  58 
3, 960.  04 
1,  983. 17j 


Livestock 


$1, 119.  50 
471.  25 


765. 03 


4,  792.  00 
122.  40 
166.  77 
1, 905. 10 
3,  554.  6l! 
1,  500.  00}. 


800.  00 
5,  971. 16 
3.  327.  56 
285.  00 
893.  25 


’i,’o55.’55r"3,'ooo.’oo 


13,  668.  36i 


10,  807.  91 
414.  37 

4,  610.  34 
737.  50 
3,  696.  01 
3, 148.  21 
389.  50 

11,  750.  65 
26,  026.  21 

7,  491.  01 
6,  245.  00 
7, 403. 11 
150.  00 

2,  603. 12 

3,  078.  38 


2,  897.  48 
10,  048.  26 
5,  255. 10 
4,  617. 13 
3, 981.  25 
31,  894.  68 
148.  81 
10, 149.  49} 
l,311.80j 


1,  316. 
14,  212. 
11,  556. 
2, 933. 
3, 449. 
250. 
873. 
85. 
4,  629. 
7,  778. 
36,  086. 
1,  565. 
1, 120. 
11,  536. 
755. 
492. 
91. 


1, 437.  80 
1, 100.  00 
204.  33 
7,  735.  53 
7,  015. 15 
21,  334. 92 
4,  082.  72 
967. 40 
100.  00 


1,418.  00! 
2,  840.  00} 
650.  00 
3, 118.  28 
1,  719.  05 
1,  251.  71 
191.  75 
1,  500.  00 
14.  00 
1,  783.  53 
5, 929.  25 
4,  315.  60 
2, 168.  50 


377.  00 
700.  00 


2, 942.  00 
6,  329.  32 
280.  00 
1.50 
300.  00 
43.  27 
262.  50 
5,  736.  60 
2,  640.  92 
5,  527.  29 


Miscella¬ 

neous 


$5, 876. 96 
1,  402.  04 


1,  591.  69 
37, 180.  03 
12,  000.  00 
1,  511.  39 
1,  235.  98 
1,  754.  40 
8,  371.  23 


500.  00 


4, 425.  82 


797.  83 
,  837.  65 
,  970.  48 
511.  00 
,  999.  64 


3, 920.  35 


739.  05 
776. 95 
255.  00 
108.  08 
300.  00 
067.  23 
140.  80 


1, 160.  50 
883. 94 
2, 905.  67 
3,  361.  24 


48,  663.  33 
2,  279.  55 


5,  022. 92 


2, 158.  00 


1,  250.  53 
50, 146.  70 
821.  25 


500.  00 
99.  59 
1,  310.  68 
21, 409.  74 
3,  562.  39 
53.  03 


Total 


$80,  689.  71 
17,  259. 44 
6,  385.  59 
113,  342.  22 
137,  558.  61 
29,  548.  00 
14, 447.  04 
9,  208.  42 
9, 998.  81 
46,  571.17 
5,  800.  00 


11,  200.  00 


130,  320.  35 
26,  577.  69 
34,  660. 19 
7,  045.  20 

24,  932.  74 

7,  332.  47 
18,  332.  83 

8,  748.  71 
16, 960.  60 
59. 976.  91 

457.  239.  44 

25,  059.  50 
12, 905.  00 
40, 985. 17 

2,  545.  33 

9,  072.  48 
26, 947. 06 


9, 490.  64 
18,  649.  38 
20,  476.  26 
43, 103.  00 
14, 186.  36 
142,  544.  82 
9,  383.  07 
18, 167.  90 
129,  539. 18 


12, 157.  00 
19,  500.  00 
3,  no.  00 
24, 902.  56 
82, 174. 13 

7, 104.  77 

7,  022. 41 

8,  800.  00 
235.  99 

8, 183.  38 
46,  471.  06 
28,  775.  06 
18,  254.  59 
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Table  f. — Expenditure  from  United  States  appropriations  received  under 


station 


Classified  expenditures 


Amount 
of  ap¬ 
propri¬ 
ation 


Salaries 


Labor 

Publica¬ 

tions 

1 

Postage 

and 

station¬ 

ery 

Freight 

and 

express 

Heat, 

light, 

water, 

and 

power 

Chem¬ 

ical 

supplies 

$1, 337. 92 

$568. 08 

.$705.  74 
.24 

$77. 89 

$8. 49 

2, 985. 06 

1,  979.  95 

156.  61 

^  145. 89 

$60.  64 

363.41 

432.  20 

1, 155.  44 

1,  404.  44 

962.  68 

30. 13 

323.  76 

198. 10 

1,  354. 17 
3,  220.  37 

1,  873. 19 
359. 16 

705.  62 
151.  71 

140.  34 

391.  94 

5.  94 
202.  72 

496.  81 
250.  50 
4,  685. 16 

1.05 
53.  06 
119. 49 

1,  090.  59 

141.  781 
13.  93 

1.80 

5,  520.  44 
2, 134.  40 

221.  86 
128.  58 
43.84 
.  15 

7.  55 
51.23 

170.  661 
779.  98 

62.  83 
68.  25 

463.  50 

1, 998.  82 

2,  055.  86 

3,  036. 13 

217.  07 
587-.  06 
96. 15 

103. 13 
219.  24 
6.  21 

246.  00 
5.  78 

22.  50 
899.  44 

112.  55 
83.  29 
..  -i 

3, 068.  70 
920.  02 
1, 088.  40 
2,  584.  80 
2,  888.  31 
269. 14 
345.  39 

562.  74 
717.  27 
302.  50 
101.  71 
40.  86 

10.  82 
307.  94 
1.41 
145. 15 
43. 04 

206.  20 
700.  00 
266.  22 
278. 18 
.85 

38.  70  i 
158.  43 
179. 19 
176.  22 
439.  42 

995.  63 

'"i,’59i’57 

36.  87 

27. 16 

16. 15 

88.  56 

1,  421.  23 

2,  710.  96 
995.  83 

3,  508.  63 
1,  481.  09 
3,  902. 47 
1, 901.  69 

449.  72 
1,  053.  69 
918.  63 
3,  213.  35 
1,  809.  84 
3,  540.  27 
1,  000.  00 
5,  670.  00 

675.  85 
191. 15 
120.  69 

294.  40 
11. 03 
69.  49 
6.  89 
166.  34 
89.31 
15. 05 
43.  03 
47.  55 
29.  03 
16.  70 
37.  92 

177.  42 
63.  85 
85. 15 

227. 46 
530.  66 
307.  30 

761.  67 
22.  39 
1,  457.  63 
896. 13 
514.  62 
774.  40 
945.  75 

396. 10 
695.  01 
91.87 
387.  91 
59.  99 
21.90 
412.  59 
530. 15 
90. 10 

143.  83 
55.  07 
10.  25 
1,  207. 15 

46.  03 

158. 13 
100.  95 

32.  87 
141.  99 
72.24 
171.09 

153. 13 
197. 17 
775.  67 
760.  68 

42.  00 
1,  092.  74 
58.  70 

1,  702.  27 
672.  43 
1,  361.  82 
97.  39 
154.  36 

62.  36 

.40 

75, 061.  80 

21, 042. 11 

9,  586.  57 

2, 143. 87 

6, 430.  53 

5,  944.  77 

Alabama - 

Arizona _ 

Arkansas _ 

California _ 

Colorado _ 

Connecticut  (State). 
Connecticut  (Storrs) 

Delaware _ 

Florida - 

Georgia _ 

Idaho _ _ _ 

Illinois _ _ 

Indiana _ 

Iowa _ 

Kansas _ 

Kentucky _ 

Louisiana _ 

Maine _ 

Maryland _ 

Massachusetts _ 

Michigan _ 

Minnesota.. - . . 

Mississippi _ 

Missouri _ _ 

Montana - 

N  ebraska _ 

Nevada _ 

New  Hampshire _ 

New  Jersey _ 

New  Mexico _ 

New  York  (Cornell). 
New  York  (State)... 

North  Carolina _ 

North  Dakota _ 

Ohio _ 

Oklahoma _ 

Oregon _ 

Pennsylvania _ 

Rhode  Island _ 

South  Carolina _ 

South  Dakota _ 

Tennessee _ _ 

Texas _ 

Utah _ 

Vermont _ 

Virginia _ 

Washington _ 

West  Virginia . 

Wisconsin _ 

Wyoming _ 

Total . 


$15, 000 
15, 000 
15,  000 
15,  000 
15,  000 
7,  500 
7,  500 
15, 000 
15, 000 
15,  000 
15,  000 

15,  ooo: 

15, 000 
15,  000 
15, 000 
15,  000 
15, 000 
15,  000 
15, 000 
15,  000 
15,  000 
15, 000 
15,  000 
15, 000 
15, 000 
15, 000 
15,  000 
15,  000 
15, 000 
15,  000 
13,  500 
1,  500 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15, 000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15, 000 
15,  000 
15,  000 


023.  64 
999.  76 
517.  88 
000.  00 
567.  80 
500.  00 
500.  00 
850.  20 
000. 00 
365.  00 
337.  25 
000.  00 
308.  28 
415.  00 
700. 00 
920.  85 
471.65 
628.  00 
410.  77 
631.  83 
000.  00 
000. 00 
591.  96 
618.  63 
250.  00 
000.  00 
773.  50 
927.  36 
240. 00 
376.  46 
987.  63 
230. 86 
313.  00 
000.  00 
460.  00 
345.  31 
192.  34 
331.  67 
876.  45 
360.  00 
824.  94 
595.  75 
855.  00 
016.  82 
102.  95 
283.  32 
510.  41 
484. 11 
760.  00 
330.  00 
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the  act  of  March  2,  1887  {Hatch  Act),  for  the  year  ended  June  30,  1929 


Classified  expenditures — Continued 


Seeds, 

plants, 

and 

sundry 

Supplies 

Ferti¬ 

lizers 

Feeding 

stuffs 

Library 

Tools, 
imple¬ 
ments, 
and  ma¬ 
chinery 

Furni¬ 
ture  and 
fixtures 

Scientific 

appara¬ 

tus 

Live¬ 

stock 

Travel¬ 
ing  ex¬ 
penses 

Con¬ 

tingent 

ex¬ 

penses 

Build¬ 

ings 

and 

land 

$41. 85 

$555. 00 

$402.  20 

$855. 47 

$423.  72 

587. 90 

$53. 00 

1,  no.  86 

74.  00 

40.  60 

$159.  21 

483.  54 

$28. 01 

$233. 36 

$20. 08 

194.  29 

209. 13 

618.  74 

168.  21 

391. 90 

212. 38 

$1.00 

279.  60 

767.  27 
103. 42 

109.  80 

4.  40 
36.  35 

902.  23 

616.  77 
114.  25 

126.  30 

57.  09 

412.  88 
470.  57 

167.  06 

4.20 

193.  86 
3,  520. 19 
1.55 

1, 448.  97 
73.  97 

65.24 
13.  88 

14.  67 
250.  72 
79. 15 
150. 00 
187.  73 

139.  50 

154.  60 
164.  54 
13.  64 

236. 43 

212.  67 
10.  35 

367. 10 
178. 84 

875. 00 

225.  50 

386.  54 
38. 43 

2,  230.  22 

337.  63 

67.24 

368. 02 

392.  82 
321. 17 
59. 03 

363. 00 

299. 80 
1, 122.  71 
389.  82 

5. 00 
551.  02 
485.  50 

253.  22 
205.  27 
279. 42 

.75 
14. 40 
63.  00 

391.  78 
5.  29 
746.  89 

136.  65 
5.60 

114. 42 
295. 00 

691.  39 
310. 12 

1,  347. 11 

262. 17 
135.  61 
149. 01 
360.  03 
102.  06 

108.  40 

19.26 
405.  59 
35.  47 
150.  76 
25.  74 

325.  28 
2.  24 
44.  24 
196.  64 
945. 11 

143. 48 
128.  63 
218.  49 
100. 00 
100. 13 

125. 00 

281.  94 
461. 18 
824.  08 
275.  92 
252. 12 

40.  30 

33.  51 

84.  53 

55.  57 
149.  56 
21. 12 
347.  94 

360.  00 
165. 30 

23.  65 

117.  78 
107.  20 

305.  44 
326.  79 

62.  50 

81.  82 

93.31 

172. 49 

913.  81 

202. 13 
2, 985. 11 
617. 11 
no.  75 
596.  27 
397.  61 
376.  64 
96.  71 

75.  00 
48. 85 
48.31 
95.  49 
509. 32 
313.  60 
6.00 
3.  00 

4,  252.  77 
1, 109.  58 

1,313.81 
183.  32 
143.  55 
1.74 
457.  00 
509.  09 
183. 13 
73. 07 

143. 42 
96.  32 

194.  92 
356.  24 
525. 10 

355.31 
840.  78 
1, 148. 11 

538. 95 
16.  20 

38.  70 
9.  50 

243.  95 
361.  35 
693.  68 

172. 45 
674.  61 

148.  75 
182.  64 
7.  95 
33.  06 
39.  76 

57.  88 

62.  50 

419.  66 
201.  76 
133. 13 
^  177.61 

298.  71 
6.11 
386.  58 
11. 38 

233.  36 
39.  95 
405. 99 
22. 14 

259.  60 

448.51 

2.  56 

324.  20 
177.  09 
297.  24 
93.62 
437.  97 
24.  04 

1,  224.  02 

24.  70 

127.  30 

128.  37 

86.  67 
267. 41 
145. 19 
456.  63 
1,  572.  65 
254. 15 

1, 082.  59 
241.  23 
253.  91 
380.  81 
612.  38 
119.  85 

72.  50 
31. 00 

185.  91 
68.  58 
99.  60 

84.  38 
5.  00 

427.  21 
50. 40 

1. 10 

70.  21 

241.  90 

7.  50 

167.  80 
330.  92 

595.  60 

12, 150.  66 

3, 133.  09 

17,  984.  91 

5,  644.  78 

10, 149.  96 

3,  925.  09 

5,  263. 41 

1,  490,  76 

12, 499.  62 

528.  84 

4,  232.  85 

\ 


96 


Table  5. — Expenditures  from  United  States  appropriations  received  under 


station 


Alabama _ 

Arizona _ 

Arkansas _ 

California _ 

Colorado _ 

Connecticut  (State) . . . 
Connecticut  (Storrs)..- 

Delaware _ 

Florida _ 

Georgia _ 

Idaho _ 

Illinois _ 

Indiana _ 

Iowa _ 

Kansas _ 

Kentucky _ 

Louisiana - 

Maine _ 

Maryland _ 

Massachusetts _ 

Michigan _ 

Minnesota _ 

Mississippi _ 

Missouri _ 

Montana _ 

Nebraska. - - 

Nevada _ 

New  Hampshire _ 

New  Jersey _ 

New  Mexico _ 

New  York  (Cornell) 

New  York  (State) _ 

North  Carolina _ 

North  Dakota _ 

Ohio _ 

Oklahoma _ 

Oregon _ 

Pennsylvania _ _ 

Rhode  Island _ 

South  Carolina _ 

South  Dakota _ 

Tennessee _ 

Texas _ 

Utah _ 

Vermont _ _ 

Virginia _ _ _ 

Washington _ 

West  Virginia _ 

Wisconsin _ 

Wyoming _ _ 


Amount 
of  appro 
priation 


$15,  000 
15,  000 
15,  000 
15,000 
15,  000 
7,  500 
7,  500 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
13,  500 
1,  500 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15,  000 
15.  000 
15,  000 
15, 000 


Total _ I  720.000  567,143.86  i70,097.35 


Classified  expenditures 


Salaries 


$11,  047.  01 

8,  967.  49 

9,  531.  68 
15,  000.  00 
15,  000.  00 

7,  500.  00 

7,  500.  00 
10.  973.  53 
15.  000.  00 

9'.  890.  02 
11. 143.  50 
11, 119.  98 
11,511.64 

8,  975.  00 
10,  300.  00 

14,  611.  30 
10,  833.  33 

15,  000.  00 
13.  986.  65 
15,  000.  00 
15,  000.  00 
15,  000.  00 

10,  257.  42 
4,  714.  36 

11,  202.  04 
15,  000.  00 

9,  413.  84 

12,  344.  00 
12, 110.  00 

10,  088.  31 

12,  590.  00 
1,  500.  00 

11,  970.  00 
15,  000.  00 

9,  370.  81 

6,  238.  34 

12,  309.  00 

13,  742.  46 
10,  488.  29 

8,  856.  64 

7,  708.  24 

13,  356.  00 

13,  222.  50 

10,  500.  08 

11,  356. 18 

12,  024.  95 
11,  710.  93 
11,  386.  54 
11,  350.  00 

14,  441.  80 


Labor 

Postage 

and 

station¬ 

ery 

Freight 
and  ex¬ 
press 

Heat, 

light, 

water, 

and 

power 

1 

Chemical 

supplies 

Seeds, 

plants, 

and 

sundry 

supplies 

$717.  40 

2,  061.  93 

1,  862.  75 

$24.  55 
11.02 
22.  15 

$94.  44 
72.  85 
107.  30 

$100.  00 
38.  00 
111.  59 

$1, 033. 41 
249.  82 
951.85 

$62.  56 
251.45 
443.  33 

1,  009.  72 

11.  68 

21.71 

1, 161.  69 

756.  67 

938.  49 

1,  643.  67 

3,  880.  02 

153.  40 

2,  997.  74 

3,  645.  37' 
164.  57 

1,  305.  47 

5.  05 
23.  60 

191.  56 

485.  28 
3.  65 

425.  02 
803.  60 

42.  62 
179.  12 

6.47 

7.  90 
27.  95 

2.  50 
30.  88 

56.  46 
3.  04 

707. 16 

1, 100.  41 
201.  65 
21.  01 
431.  37 

68.  38 
673.  72 
20.  30 

4.  94 
58.  26 

— 

67. 14 

24.  10 

527.  37 

41.50 

3,  099.  05 

4.  080.  52 
1,  544.  53 

96.  38 
145.  55 
29.  39 

31.97 
192.  91 
14.  56 

256. 10 
119.  37 
.25 

34.31 
856.  61 
510.  27 

237.  37 
6.59.  46 
167.  29 

2, 401.  74 
930.  31 
297.  57 
2,  813. 10 
659.  44 

23.  49 
7.  72 

24.  81 
31.28 

.09 

78.  42 
35.  50 
16.  95 
125.  51 

299.  79 

250.  56 
320.  54 
840.  34 
403.  04 
250. 47 

103.  65 
107.  09 
86.  42 
261.  99 

469.  40 

28.  19 

60.  82 

72.  03 

681.  97 

174.  21 

4,  748.  72 
3,  573.  10 

1,  291.87 
980.  38 

2,  772.  29 
2,  358.  98 
4, 187.  00 

427. 17 
957.  23 
2,  605. 12 
1,  332.  19 

1,  340.  39 

2,  089.  36 
820.  24 

3,  378.  92 
558.  20 

150.  39 
1,  461.  22 
684.  23 

66.  93 
184.  29 
222.  05 
339.  94 

67.  89 
389.  71 
556.  42 
329. 14 
210.  47 
504.  69 
541. 17 

69.  02 

55.  90 
•  227.45 
277.  63 
11.  38 
182.  99 
243.  48 
103.  59 
75.  72 
198.  18 
227.  33 
246. 16 
40.  01 
29.  38 
454.  91 
13.  50 

6.  46 
42.  72 

8.00 
200.  79 

21.43 
2.  35 
14.  50 
220.  51 
32.  76 
2.  55 
4.  02 
49.  45 
23.  28 
14.  51 
6.  99 
2.  00 

47.  86 
35.71 
41.65 
51.  08 
no.  07 
61.87 
32.  10 

162.  36 
206. 43 

157.  58 

140.  89 

8.  25 

26.  46 

i70,  097.  35 

979.  10 

1,  604.  97 

2,  496.  89 

17,  ,541.  03 

6,  791.  88 
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the  act  of  March  16,  1906  {Adams  Act),  for  the  year  ended  June  30,  1929 


Classified  expenditures— Continued 


Fertiliz¬ 

ers 

Feeding 

stuffs 

Library 

Tools, 
imple¬ 
ments, 
and  ma¬ 
chinery 

Furni¬ 
ture  and 
fixtures 

Scientific 

apparatus 

Live¬ 

stock 

Travel¬ 
ing  ex¬ 
penses 

1 

Contin¬ 
gent  ex¬ 
penses 

Build¬ 
ings  and 
land 

$3. 82 
8.  77 
166.  73 

$721. 93 
1, 139. 31 
9.  66 

$40. 40 
307. 25 
111.29 

$1, 150.  98 
101.  50 
929.  44 

$3.  50 
1, 262.  66 
395.  57 

$18. 95 
27.  50 

$359. 00 

$150.  00 
4.  49 

$321. 67 

$3.  00 

26.  50 

24.  50 

908.  59 

105.  41 

1,  200.  29 
54. 99 

7. 14 

66. 47 
.50 

17.  50 
22.  85 

1, 431.  70 
601. 94 

253. 33 
495.  88 

44.  53 

23. 00 

3.  70 

46.  09 

839.  50 
837.  09 
586. 17 
7.  00 
254.  77 

705. 02 

864.  38 
373.  06 
185.  30 

31.  50 

10. 00 
15.  84 

16.  20 
10.  26 

15.  00 
175.  00 
112.  00 

8.00 

6.  44 
53.  65 

7.  24 
8.25 

1,  612.  24 

152.  55 

80.  09 

5.  25 

5.  87 

1. 15 

383.  93 

24. 18 

. . 

91.  78 

98.  60 
1, 855.  83 

12.  32 
5. 00 
50. 04 

648.  76 
428.  92 
56.  75 

75.  50 
178.  96 
982.  64 

60.  44 
646.  14 

28.  40 
63.  87 

581.  86 
352.  37 

495. 11 
26.  00 

11.  00 

682.  43 
369.  37 

1.  50 

516.  75 
53.  32 
73.  03 

351.  78 
295.  61 
621.  75 
47.  92 

788.  84 

387.  00 
65.  64 
347. 19 
63.  02 

146.  65 

31.  33 
10.  05 
217.  66 

292.  92 
429.  65 
84.  60 

7.50 
67.  53 

26.  42 

164.  50 

21. 00 

310.  75 

2.  60 

3.  50 

306.  92 

512. 83 

717.  53 

31.49 
856.  23 
8.86 

8.  00 

382.  68 
158.  21 
25. 40 

2.25 

182.  76 

1, 630. 99 

6.  75 
196.  50 
129.  49 

2,  278.  53 
351.  07 
319.  01 
37.  00 
470.  37 

1,  038.  59 
600.  56 
48.  28 
710.  58 

5.  48 

67.  00 
350.00 

400.  00 

90.  00 
16.  77 

60.15 

54. 40 

87.80 

3.18 

621.  60 

31.  35 

9.  50 
62. 42 
60.65 

3.  00 

6.  70 
26.  80 

54.  30 
276.  35 
144.  04 

1. 45 

”*164.37’ 
47.  68 
284.  21 
423.  24 
409.  50 

7. 13 

109.  00 

18.84 
260.  64 
749.  54 
292. 49 

95.  04 
28.  00 
700.  00 
128.  31. 

'”49i’50’ 
60. 10 
10.  00 

3.  93 
305.  84 
14.  92 

2.  00 

87. 15 

68.  29 

354.  36 
78.  00 
22.  60 
185. 13 
286.  73 

34. 06 

2.  00 

6.74 
441.  40 

1.  50 

.85 

3.  98; 

105.  50 

200. 85 
160.  20 

14.  52 

32.  75 

15.  75 

790.  76 

9, 615.  02 

645. 13 

7,  685.  89 

3, 055.  07 

17,  780.  99 

2,490.70 

7,  754.  44 

400.  97 

3, 125.  95 
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Table  7. — Expenditures  from  United  States  appropriations  received  under  the 


Classified  expenditures 

station 

Amount 
of  appro¬ 
priation 

Salaries 

Labor 

Publica 

tions 

Postage 
and  sta¬ 
tionery 

Freight 

and 

express 

Heat, 

light, 

water, 

and 

power 

Chemical 

supplies 

$50, 000 
50, 000 

$27, 718. 92 
30,  210.  89 

$6, 612. 56 
3, 422.  26 

$410. 02 
35. 60 

$193. 44 
342.  78 

$233. 02 

$2, 361. 13 
1, 510. 52 

Arizona . . 

$1, 146. 20 

584. 50 

Arkansas . 

50, 000 
50,  000 

33. 0  ,4.  51 
47, 681. 15 
40,  711.  85 
17,  766.  67 
13, 263.  79 
34, 624.  70 

1, 950.  73 
2,  318.  85 
1,  352.  50 
752.  47 
6,  589.  73 
2, 435.  40 

6, 165. 58 

927.  61 

98.95 

104. 71 

675.64 

Colorado . . . — 

Connecticut  (State) _ 

Connecticut  (Storrs).. 
Delaware.. . . . 

50;  000 
25, 000 
25,  000 
50,  000 

303. 20 

325.  82 
87.11 
307.  82 

2.  41 
42.  29 
12.  93 

168. 00 

552.  70 
1, 441.  36 

1,  529, 20 

154.  94 

176. 16 

569. 79 

679.  09 

Florida _ 

50.  000 

31, 016.  28 
27, 996.  75 

4,  225.  00 
7, 599.  73 

1, 063.  88 
749.  45 

1, 004.  98 
495.  72 

32.88 

2, 474. 91 
870.  43 

Georgia . . . 

50,  000 

506.  49 

1, 171.  01 

Idaho.. . 

50,  000 

36, 638.  82 

3,  013.  07 

817.  07 

142.  63 

89.  89 

7. 60 

1,207.64 

50.  000 

28,  527.  21 
34, 127.  51 

5, 493.  86 
6,  254.  47 

4,  248.  24 
173.  64 

511. 91 

199.  89 

206. 12 

Indiana..  _ 

50,  000 

461.  74 

46. 13 

1.  88 

84.  34 

Iowa  _ 

50,  000 

28,  350.  73 

6, 833.  30 

1,  630. 18 

677.  25 

51. 30 

391.  99 

929.  58 

Kansas . 

50,  000 

27,  500.  20 

15, 833. 80 

8.  92 

145.  43 

.57 

104. 13 

829. 89 

50.  000 
50,  000 
50.  000 

39, 856.  10 
31,  384.  96 
38,  962.  54 

2,  380.  38 
5, 875.  90 
120.  04 

1,817.  68 

147.  87 

36.41 

467.  52 

Louisiana _ 

246. 15 

465.  68 

393.  61 

312.  29 

Maine . . 

7.  50 

552. 11 

119.  28 

125.  70 

193.  23 

Maryland . . . 

50,  000 

38,  056.  93 

3, 819.  73 

2,611.81 

117. 46 

24.  06 

74.  30 

756.  51 

M  assachusetts _ 

50,  000 

41,  769.  19 

39,  707.  29 

40,  376.  12 
29, 313.  36 

1,  446.  86 
4,  995.  43 
300.  00 

643.  21 

424. 42 

5. 52 

262. 36 

Michigan _ 

50.  000 

118.  50 

537.  54 

9.  74 

470.  65 

Minnesota  _ 

50.  000 
50,  000 

1,  683.  66 
1, 405. 33 

53.  45 

34.  21 

552.  64 

Mississippi . . . 

7,  769.  54 

387. 43 

338.  51 

248. 84 

520.  74 

Missouri-. . . 

50.  000 

22,  203.  25 

8,  930.  50 

355.  97 

407.  23 

253.  41 

70.74 

868.  91 

Montana _ 

50,  000 
50,  000 

30.  037.  00 
31,418.  33 

9,  684.  25: 
4, 169.  77 

720.  79 

411.  27 

166.  01 

839.  63 

Nebraska.. . 

1, 498. 03 

138.  48 

272.  38 

124.  05 

345. 18 

Nevada.  _ _ 

50,  000 

26,981.85 

9,  230.  22 

1, 662.  05 

292.  50 

154.  38 

1, 066.  81 

New  Hampshire _ 

50,  000 

36, 403.  76 

2,  516.  51 

412.  70 

127.  97 

187.  48 

815.  80 

New  Jersey _ 

50,  000 

37,  047.  50 

3,  728.  43 

14.  69 

82.  64 

11.  65 

643.  99 

1,846.  68 

New  Mexico... _ 

50,  000 

22,  969.  40 

6,  338.  69 

600.  04 

393.  63 

649.  66 

229.  65 

188.  36 

New  York  (Cornell)... 
Np.w  York  ('Sta.t.fi') 

45,  000 
5, 000 
50,  000 

37, 181.  86 
3, 000.  00 
31,  691.  99 

1, 476.  23 

1,  058.  06 

2,  616.  69 

30.  34 

392.  52 

21.01 

749.  91 

North  Carolina . . 

1,  882.  96 

213.  27 

169.  92 

38. 39 

563.  72 

North  Dakota _ 

Ohio _ _ _ 

50,  000 
50,  000 
50,  000 

42,  342.  38 
29,  844. 17 

1, 141.  95 
11,  655.  44 

1, 444.  27 
351.  39 

23.  37 
200.  00 

47. 97 

235.  88 
911.  24 

Oklahoma _ _ 

28,  618.  99 

6,  787.  84 

1, 130.  45 

550. 40 

13.  68 

63. 18 

825. 10 

Oregon _ _ _ 

50,000 

28,  543.  61 

6,  627.  34 

4,  020.  24 

387.  56 

439.  16 

282.  27 

949.  98 

Pennsylvania... . 

50,  000 

31, 894.  16 

4,  301.  20 

1,  935.  74 

71.78 

217.  27 

194.  79 

501.03 

Rhode  Island . . 

50. 000 

32,  616.  86 

6, 428.  16 

599.  89 

276. 14 

216.  61 

846.  37 

163. 10 

South  Carolina _ 

50,  000 

27, 107.  69 

9,  006.  51 

2, 158.  77 

688.  69 

357.  48 

279.  99 

689.  70 

South  Dakota _ 

50, 000 

26. 864.  69 

8,  240.  55 

1,  594.  81 

748.  68 

96.  42 

26. 10 

1, 069.  20 

Tennessee- _ ... 

Texas..  _ _ 

50,  000 
50,  000 
50,  OOO 

40, 147.  83 
28,  276.  67 
28,  863. 17 

420.  42 
9,  551.  53 
9, 317.  53 

16. 13 

163.  47 
643.  07 

194.  88 
381.  48 

107.  68 

712.  77 
808. 38 

Utah _ 

475.  95 

386.  58 

202.  00 

174.  36 

376.  43 

Vermont _ 

Virginia _ _ 

50,  000 
50.  000 

25, 036.  91 
30,  726.  66 
34,  014.  79 

8,  593.  59 
6,  792.  94 
8,  297.  72 

1,  596.  91 
3, 364.  92 
357.  64 

930.  40 
405.  29 

49.  73 

1,  580. 14 

605.  23 
451. 16 

Washington.. . . 

50,  000 

283.  94 

93.  83 

13.  60 

1, 106.  48 

West  Virginia.  _ 

50,  000 

33, 027.  33 
26, 152.  72 
34, 807. 88 

6,  109.  41 
16,  612.  35 
5,  356. 19 

540.  28 

79.  83 

112.  36 

602.  55 

Wisconsin  _ 

50,  000 
50, 000 

20.  95 

2.  64 

2.  00 

1,  230.  90 
179.  08 

Wyoming . . . 

228.  35 

25.  88 

198.  34 

.40 

Total _ _ _ 

2,  400,  000 

1,  566, 447.  92j276,  385.  63 

51, 454.  51 

17,  771.  00 

7,  284. 18 

9, 204.  37 

36,  062.  50 

99 
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^lct  of  Fel)ruary  2J^,  1925  {Purnell  Act),  for  the  year  ended  June  SO,  1929 


Classified  expenditures— Continued 


Seeds, 

plants, 

and 

sundry 

supplies 

Ferti¬ 

lizers 

Feeding 

stufis 

Library 

Tools, 
imple¬ 
ments, 
and  ma¬ 
chinery 

Furni¬ 

ture 

and 

fixtures 

Scien¬ 

tific 

appa¬ 

ratus 

Live¬ 

stock 

Travel¬ 
ing  ex¬ 
penses 

Con¬ 
tin¬ 
gent  ex¬ 
penses 

Build¬ 

ings 

and  land 

$494.  83 

$47. 00 

$1, 049. 67 

$273. 96 

$299. 98 

$1, 839.  34 

$5,  674.  85 

$2, 791.  28 

730.  34 

279.  OC 

174.  59 

9.00 

1, 791.  55 

69.  50 

3,  432.  63 

_ 

4, 433. 97 

'’$84.'60 

$i,'742.'07 

204.  25 

367.95 

566.  81 

642.  67 

1,  289.  59 

1,  511.  86 

2,  388. 11 

41. 03 

141.  71 

194.  36 

202.  44 

9.25 

872. 96 

1, 071.  95 

$48.  00 

3,  463.  39 

360. 00 

219.  46 

64. 8C 

2.70 

7.  65 

268.  20 

23.84 

550.  44 

936.  32 

76.  64 

2,  979.  51 

334.  59 

22.36 

702.  49 

3,  766.  29 

956. 10 

i70.  86 

1, 974.  55 

193. 05 

207. 04 

741.  75 

740.  76 

2, 968. 12 

134.  90 

1,  743.  59 

380.  93 

402.  08 

74.  21 

690.  08 

1,  906.  08 

4,  378.  03 

12.  52 

2,  216.  69 

18.  00 

103.  45 

931. 16 

270.  67 

3,  053.  23 

135.  47 

1,  321. 94 

89. 13 

1,  520.  02 

417. 17 

2, 154.  52 

50.  25 

666.  86 

389.  49 

455.  55 

37.  57 

196.  39 

424.  35 

781.  54 

27. 00 

5,  522.  46 

6.  90 

242.  03 

91.  68 

701.  36 

11.  64 

1,  861.  95 

3,  399.  58 

280.  63 

14.  40 

4,  395. 49 

14.  83 

41.  21 

372.  95 

103.  08 

1.  00 

55.  42 

1,  288.  36 

706. 14 

6.321.741  1.60 

1,544.  50 

75.  25 

3, 477.  83 

19.  93 

311.41 

1, 136.  37 

1, 482.  51 

'*'50i'35 

2,  665.  65 

16.  87 

899.  55 

345.  99 

536.  23 

130.  44 

814.  22 

2,  270.  00 

408.  44 

172. 19 

47.  51 

521.  63 

210.  07 

71. 19 

1,  540.  24 

239.  30 

2,  664. 10 

795.  22 

74.  56 

867. 48 

2,  705.  25 

1,  017. 10 

1,  862.  39 

1,  583.  76 

842.  31 

1,  573.  34 

323. 14 

585.  56 

762.  77 

26.  52 

1,  020. 96 

735.  00 

1,  652.  38 

3,  739.  50 

”309.' 04 

764.  73 

271.  45 

233.  71 

19.  97 

156.  74 

710.  30 

79.  50 

873.  09 

2, 167. 94 

26.  50 

254.  48 

141.  95 

43.  66 

82.  23 

108.  69 

402.  57 

85.  50 

4.  326.  27 

3. 09 

152.  89 

270.  56 

17.04 

139.  75 

409. 17 

477.  74 

54.  50 

1,  984.  20 

"655.* 00 

872.  84 

589.  27 

117.  85 

804. 18 

1, 414.  05 

76.01 

2, 975.  72 

150. 00 

786.  65 

221.  08 

2,  209. 46 

59.94 

2,  792.  41 

12.50 

1,  510. 14 

537.  92 

1,  836.  82 

2.  00 

47.  33 

2, 198.  44 

_ 

4,  705.  52: 

30.79 

1,  611.  33 

859.  69 

5,  208.  94 

185. 96 

842.  60 

208.  97 

1,  057.  75 

326.  78 

50.61 

431.  64 

154.  82 

605. 16 

539.  37 

633.  64 

31.  50 

5,  367.  53 

510.  28 

2, 432.  59 

34.37 

1,  523.  51 

140.  88 

1, 136.  85 

417.  70 

2,  416. 86 

3, 420.  76 

861.  80 

41.  25 

1,  844.  36 

28. 40 

392.  45 

1,  511.  58 

1,  617.  23 

50.00 

3,  754.  56 

”29i'20 

217. 46 

504.  60 

488.  67 

226.  51 

29. 40 

851.  59 

855. 17 

1,  648.  94 

492.  21 

3,  882.  89 

13.  06 

542.  74 

223.  46 

520.  58 

103.  73 

633.  50 

1,  428. 02 

413.  35 

_ 

2, 981.  92 

39.  83 

280.  03 

2, 119.  29 

69.  80 

4,  216.  87 

31.  28 

2,  871.  98 

1, 050.  50 

1,  279.  91 

i'iii'es 

3,  817.  82 

6.  25 

754. 19 

236.  08 

.71 

394.  23 

34. 10 

278.  34 

625.  02 

900.  00 

2, 124.  79 

554.  86 

941.  94 

356.  39 

335.  46 

4,  520. 49 

363.  66 

601.  45 

713.  77 

5,  336.  26 

1.  58 

594. 00 

136.  35 

637.  00 

10.51 

72.  80 

74.  97 

855. 94 

2,  976.  61 

672. 12 

9.  75 

4,  970.  71 

47.  63 

10.  32 

1,  269.  91 

57.  32 

638.  59 

2,  929.  40 

960.  23 

493.  60 

1,  723.  88 

1,  800.  00 

3,  394.  08 

70.58 

2,  032.  47 

3.68 

8. 00 

941.  85 

616.  92 

1,  467.  24 

229.  00 

3,  010.  36 

425.  32 

15.  00 

215.  93 

35.  58 

627.  31 

1,  201.  01 

846.  89 

2,  261.  07 

100.  00 

5, 193.  52 

10.00 

392.  72 

757.  90 

461.  30 

2, 194.  23 

201. 18 

1,  343. 14 

341. 07 

111.  07 

205.  50 

725.  56 

2,  511.  92 

825.  90 

100.  00 

1,  758.  94 

1,  566.  38 

1,  762.  46 

653.  00 

4.  00 

3,  027.  92 

12.57 

605.  74 

808.  34 

40.88 

1,  020.  35 

3,  551.  79 

2, 192.  55 

135.  50 

2,  809.  87 

194.  53 

417.  32 

9.45 

257.  72 

199.  58 

716.  58 

942.  61 

1,  868.  88 

3,  824.  68 

479.  85 

550.  09 

23.  50 

6.  85 

1,  296.  73 

5, 192.  58 

2, 114.  77 

191.  66 

482.  84 

1,  316.  60 

80.  00 

52.  70 

468.  82 

424.  69 

264.  58 

'964."50 

5,  454.  97 

1, 177. 12 

183.  80 

6.  73 

1,  578.  97 

23.  70 

655.  75 

2, 159.  26 

433.  80 

2,  265.  39 

19. 10 

4,  280.  59 

72.03 

2.25 

35.  90 

291.  38 

239.  55 

1,  426.  91 

1,  275.  80 

4,  223.  40 

691.  81 

1,  038.  89 

33.  66 

15.  05 

938.  25 

720.  00 

277.  27 

79.  20 

2  614.  78 

114.  90 

400.  98 

3,  087.  82 

501.  76 

230. 47 

1,  722.  53 

294.  20 

3,  228.  68 

'”i6.’80 

45. 00 

627.  68 

7. 40 

215.  55 

9.65 

823. 02 

112.  59 

1, 138.  99 

249.  90 

2,  656.  57 

1.  25 

135.  84 

295.  23 

1,  838.  60 

10.50 

1, 102. 11 

520. 36 

884.  54 

215.  50 

4,327.99 

9. 05 

29, 095. 56 

3, 985. 11 

57, 974.  80 

3, 297.  37 

36, 461. 78 

41,  556. 46 

67,  633.  26 

15,086.  34  145,445.23 

1 

3, 653.  69 

31,  200.  29 

100 
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Table  8. — Disdursements  from  the  United  States  Treasury  to  the  States  and 
Teyritories  for  agricultural  experiment  stations  under  the  acts  of  Congress 
approved  March  2,  1887,  March  16,  1906,  avA  February  24,  1925 


State  or  Territory 

Hatch  Act 

Adams  Act 

Purnell  Act 

1888-1928 

1929 

1906-1928 

1929 

1926-1928 

1929 

Alabama . 

$613,  956.  42 

$15,  000 

$311,619. 89 

$15, 000 

$90, 000.  00 

$50,  000 

Arizona.. . 

579,  803.  10 

15,  000 

314,  955.  61 

15,  000 

90, 000.  00 

50,  000 

Arkansas . . . 

613, 139.  12 

15,  000 

314,  900.  00 

15,  000 

90,  000.  00 

50,  000 

California . . 

615,  000.  00 

15,  000 

314,  926.  84 

15,  000 

90,  000.  00 

50,  000 

Colorado . 

614,  718.  82 

15,  000 

313,  638.93 

15,  000 

90,  000.  00 

50,  000 

Connecticut . 

Dakota  Territory _ 

615,  000.  00 
56,  250.  00 

15, 000 

315,  000.  00 

15, 000 

90,  000.  00 

50,  000 

Delaware _ J... . 

613,  382.  87 

15,  000 

310,  475. 12 

15,  000 

89,  ~29i  io 

60,o5o 

Florida . 

614,  966.  04 

15,  000 

314,  996.  06 

15, 000 

86,  523.  74 

50,000 

Georgia . 

610,  593.  43 

15,  000 

302,  092. 87 

15, 000 

90,  000.  00 

50,000 

Idaho... . 

539,  324.  13 

15,  000 

310,  842.  22 

15,  000 

90,  000  00 

50,000 

Illinois . 

614,  564.  95 

15,  000 

314, 851.  62 

15,  000 

90,  000.  00 

50,  000 

Indiana . 

614,  901.  19 

15,  000 

315,  000.  00 

15,  000 

90,  000.  00 

50,  000 

Iowa . 

615,  000.  00 

15,  000 

315,  000.  00 

15,  000 

87, 965. 17 

50,  000 

Kansas _ _ _ 

614,  995.  00 

15,  000 

315,  000.  00 

15,000 

90,  000.  00 

50,  000 

Kentucky _ _ 

614,  996.  56 

15,  000 

315,  000.  00 

15,  000 

90,  000.  00 

50,  000 

Louisiana _ 

615,  000.  00 

15,  000 

315,  000.  00 

15,  000 

90,  000.  00 

50,000 

Maine.. . . 

614,  999.62 

15, 000 

315,  000.00 

15,  000 

90,  000.  00 

50.  000 

Maryland . . . 

614,  967. 40 

15,  000 

314,  236.  48 

15,  000 

90,  000.  00 

50,  000 

Massachusetts . 

614,  617.  70 

15,  000 

315,  000.00 

15,  000 

90,  000.  00 

50,  000 

Michigan . . . 

614,  676. 10 

15,  000 

311.  341.  20 

15,  000 

90,  000.  00 

50,  000 

Minnesota _ 

614,  917.  78 

15,  000 

314,  345.  00 

15,  000 

90,  000.  00 

50,  000 

Mississippi . 

615,  000.  00 

15,  000 

315,  000.  00 

15, 000 

90.  000.  00 

50,  000 

Missouri. . 

610,  097.  24 

15,  000 

314,  999.  90 

15,  000 

90.  000.  00 

50.  000 

Montana . 

525,  000.  00 

15,  000 

312.417.04 

15,  000 

90,  000  00 

50,  000 

Nebraska . 

614,  932.  16 

15,  000 

315.  000.  00 

15,  000 

90. 000.  00 

50,  000 

Nevada . . 

614,  214.  32 

15,  000 

313,  180.  28 

15,  000 

90,  000  00 

50,  000 

New  Hampshire _ 

615,  000  00 

15.  000 

315,  000  00 

15,  000 

90.  000  00 

50, 000 

New  Jersey _ 

614,  949.  97 

15.  000 

314,  392.  06 

15,  000 

90.  000.  00 

50,  000 

New  Mexico.. . . 

579,  509.  05 

15,  000 

315,  000  00 

15,  000 

90,  000.  00 

50,  000 

New  York . . 

614,  757.  18 

15,  000 

314.  463.  01 

15,  000 

90.  000  00 

50.  000 

North  Carolina . . 

615,  000.  00 

15,  000 

300,  000.  00 

15, 000 

90,  000  00 

50,  000 

North  Dakota . 

556,  502  26 

15,  000 

314,  638.  85 

15,  000 

90,  000.  00 

50, 000 

Ohio . . 

615,  000  00 

15, 000 

313,  514.  02 

15,  000 

90.  000  00 

50,  000 

Oklahoma . 

539,  002.  16 

15,  000 

294,  535.  19 

15,  000 

90,  000.  00 

50, 000 

Oregon _ 

600,  156.  64 

15,  000 

310,  000  00 

15,  000 

90,  000  00 

60.  000 

Pennsylvania.. . 

614,  967.  43 

15,  000 

314,  995.  41 

15,  000 

90, 000  00 

50,  000 

Rhode  Island . 

615,  000.  00 

15,  000 

309,  520.  20 

15,  000 

90,  000  00 

50,  000 

South  Carolina . 

614,  542.  15 

15,  000 

313,  460.  12 

15,  000 

90.  000  00 

50,  000 

South  Dakota . 

558,  250  00 

15,  000 

310,  000.  00 

15,  000 

90,  000  00 

60,  000 

Tennessee . . . 

615,  000.  00 

15,  000 

315.  000.  00 

15,  000 

90,  000  00 

50.  000 

Texas. . 

615,  000  00 

15.  000 

312,  592  26 

15,  000 

90.  000  00 

50,  000 

Utah.. . 

480,  000  00 

15,  000 

314,  821.  94 

15,  000 

90, 000  00 

50,  000 

Vermont. . . .... 

615,  000  00 

15,  000 

315,  000.  00 

15,  000 

90, 000.  00 

50,  000 

Virginia . 

612.  824.  12 

15,  000 

314,  949.  01 

15, 000 

90.  000  00 

50,000 

Washington . 

652, 102.  65 

15,  COO 

311,080. 11 

15,  000 

90,  000.  00 

50,  000 

West  Virginia . 

614,  968.  71 

15.  000 

312,  859.  12 

15,  000 

90.  000.  00 

60.  000 

Wisconsin . . . 

615,  000.  00 

15,  000 

315,  000.  00 

15, 000 

90,  000  00 

50,  000 

Wyoming . . . 

600,  000.  00 

15,  000 

315,  000.  00 

15,  000 

90,  000.  00 

50,  000 

Total. . . 

$28,  901,  546.  27 

$720,  000 

$15,  019,  640.  36 

$720, 000 

$4, 313,  784  01 

$2,400,000 
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ADDRESS  LIST  OF  STATE  AND  INSULAR  AGRICULTURAL 
EXPERnVIENT  STATIONS 

Alabama. — Anl)urn,  M.  J.  Funchess,  Director. 

Alaska. — Sitka,  H.  W.  Alberts,  Director. 

Arizona. — Tucson,  E.  D.  Ball,  Director. 

ARKAysAS— Fayetteville,  Dan  T.  Gray,  Director. 

California. — Berkeley,  C.  B.  Hutchison,  Director. 

^  Colorado. — Fort  Collins,  C.  P.  Gillette,  Director.  ~ 

CoNNECTiCDT. — Ncto  Haven,  W.  L.  Slate,  Director;  Storrs,  W.  L.  Slate,  Director. 
Delaware. — Newark,  C,  A.  McCue,  Director. 

Florida. — Oainesville,  Wilmon  Newell,  Director. 

[  Georgia.— Experiment,  H.  P.  Stuckey,  Director, 
i  Guam. — Guam,  C.  W.  Edwards,  Director. 

H  HAWAii.-^HonoliilM,  J.  M.  Westgate,  Director, 
f  ID.4HO. — Moscow,  E.  J.^Iddings,  Director, 
i  Illinois. — Urbana,  H.  W.  Mumford,  Director. 

J  Indiana. — La  Fayette,  J.  H.  Skinner,  Director. 

Iowa. — Atries,  C.  F.  Curtiss,  Director, 
j  Kansas.^ — Manhattan,  L.  E. .  Call,  Director. 

[Kentucky. — Lexinyton,  T.  P.  Cooper,  Director. 

Louisiana. — Baton  iJowpe,  C.  T.  Dowell,  Director. 

Maine.' — Orono,  W.  J.  Morse,  Director. 

Maryland. — College  Park,  H.  J.  Patterson,  Director. 

Massachusetts. — Amherst,  F.  J.  Sievers,  Director.  ~ 

Michigan.— East  Lansing,  V.  R.  Gardner,  Director, 
j  Minnesota. — University  Farm,  St.  Paul,  W.  C.  Coffey,  Director. 

I  Mississippi.— A.  and  M.  College,  W.  R.  Perkins,  Director.  ^ 

Missouri. — Columbia,  F.  B.  Mumford,  Director. 

Montana. — Bozeman,  F.  B.  Liufield,  Director. 

Nebraska.— Lincoln,  W.  W.  Burr,  Director.  ^ 

Nevada.— Bcno,  S.  B.  Doten,  Director. 

New  irAMPSHiKE. — Durham,  J.  C.  Kendall,  Director. 

New  Jersey. — New  Briinswidk,  3.  G.  Lipman,  Director. 

New  Mexico. — State  College,  Fabian  Garcia,  Director. 

New  York. — Geneva  (State  Station),  U.  P.  Hedrick,  Director;  Ithaca  (Cornell  Station) 
'  A.  R.  Mann,  Director. 

!  North  Carolina. — State  College  Station,  Raleigh,  R.  Y.  Winters,  Director. 

North  Dakota. — State  College  Station,  Fargo,  P,  F.  Trowbridge,  Director. 

'  Ohio. — Wooster,  C.  G.  Williams,  Director.  _ 

Oklahoma. — SUlhcater,  C.  P.  Blackwell,  Director. 

OuEGOy.— Corvallis,  J.  T.  Jardine,  Director. 

Pennsylvania.— State  College,  R.  L.  Watts,  Director. 

PouTO  Rico. — Mayayuez,  G.  F.  Freeman,  Director. 

Rhode  Island. — Kingston,  B.  E.  Gilbert,  Director. 

South  Carolina. — ClewsonCotteiie,  H.  W.  Bar  re.  Director. 

South  Dakota. — Brookings,  J.  W.  Wilson,  Director. 

Tennessee. — Knoxville,  C.  A.  Mooers,  Director, 

Te.vas. — College  Station,  A.  B.  Conner,  Director. 

Utah. — Logan,  P.  V.  Cardon,  Director. 

Vermont. — Burlington,  J.  L.  Hills,  Director. 

NiRG\y\ A.— Blacksburg,  A.  W.  Drinkard,  jr..  Director. 

Virgin  Islands,  U.  S.  A. — St.  Croix,  J.  B.  Thompson,  Director. 

Washington.- — Pullman,  E.  C.  Johnson,  Director. 

W’EST  Virginia. — Morgantown,  F.  D.  Frorame,  Diirector. 

Wisconsin. — Madison,  H.  L.  Russell,  Director. 

W’YOMiNG. — Laramie,  J.  A.  Hill,  Director. 


